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1.0 Introduction 
This report discusses and summarizes the results of long-term monitoring and 
controlled live load testing performed on the SR-33 truss bridge.  The bridge carries SR- 
33 over the Lehigh River, the Lehigh Canal, and a double set of active railroad tracks 
(See Figure 1.1).  The objective of the testing was to measure mechanical strains and 
thermal stresses during construction and while in service.  The instrumentation phase of 
the project began in May 2001.  Automated data collection of construction-induced 
stresses began in July of 2001 during erection of structural steel.  Monitoring continues at 
the time of this report and is scheduled to continue until January 2005.  Data were 
collected during closure of the truss and placement of the concrete parapets and deck.  
Controlled live load tests were conducted on January 4th, 2002. 
 
 
 
Figure 1.1 – Photograph of elevation view of SR33 Lehigh River Bridge 
 
 
The bridge structure consists of a four-span continuous haunched steel deck truss 
that is composite with the reinforced concrete deck.  The main truss members are 
fabricated from structural plate into steel box or “H” shaped pieces.  The deck is a cast-
in-place reinforced concrete deck supported by steel stringers and transverse floorbeams.  
Figures 1.2 and 1.3 present elevations and a typical cross section of the structure.  A 
unique feature of the structure is that the deck was designed to be fully composite with 
not only the longitudinal stringers and floorbeams (a fairly common construction 
method), but also the main upper chord sections of the steel truss.  It is the only 
composite truss in the State of Pennsylvania and possibly the United States.   
A comprehensive field instrumentation and monitoring program was developed in 
order to better understand the in-service performance of this structure.  Data were 
collected during erection of structural steel and placement of concrete.  The data can also 
be used to quantify the effects of long-term creep and shrinkage of the deck.  Data 
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collected during controlled load testing can be used to establish the response of the 
structure to live loads, and the degree of local and global composite action.   
 All instrumentation and testing was conducted by personnel from Lehigh 
University’s Center for Advanced Technology for Large Structural Systems (ATLSS), 
located in Bethlehem, PA. 
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Figure 1.3 – Typical section of bridge at midspan 
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2.0 Test Program – General 
 The effects of construction loads were monitored on selected members during 
steel erection and placement of the concrete deck.  After all construction was completed, 
monitoring continued in order to characterize the response of the finished bridge to 
changes in temperature and long-term creep and shrinkage of the concrete deck.  In 
addition, controlled load testing was conducted.  The construction monitoring and live 
load testing program is summarized below. 
 The effects of temperature and concrete creep and shrinkage are not discussed in 
this report.  Insufficient data were collected at the time this initial phase of the monitoring 
was completed on January 4, 2002.  The effects will be determined as part of the second 
phase of this research. 
 
2.1 Construction Phase 
Lehigh University’s ATLSS personnel began instrumenting the structural steel of 
the SR33 bridge in May 2001.  When possible, steel members were instrumented while 
still on the ground.  However, when the erection schedule did not permit this, the steel 
was instrumented after it was erected.  Access was provided through the use of a large 
crane and man-basket.  Figure 2.1 contains photographs of the Amquip crane and basket 
utilized for most of the instrumentation.   
Automated logging began as soon as possible after gages were installed.  Data 
were collected at various intervals from all channels and data were transmitted wirelessly 
to the ATLSS labs every three hours.   
 
 
 
Figure 2.1 – Photograph of crane equipment and “man” basket used to install strain gages 
on erected members 
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2.2 Controlled Load Testing 
Controlled load, or live-load testing took place on 4 January 2002, two weeks 
before the bridge was opened to traffic.  Since the tests were conducted prior to opening 
the bridge, the measurements were not influenced by the presence of other random 
vehicles on the bridge.  It also provided for a much safer environment during the testing.  
 The loading patterns were comprised of static park tests, quasi-static crawl tests, 
and dynamic speed tests.  Markers were placed at selected locations on the bridge deck so 
that the test trucks could be positioned for maximum effects in a given member.  Details 
pertaining to the test trucks and test program follow.  Gage locations and details can be 
found in Figures 3.3 through 3.11 and in Tables 3.1 and 3.2.  These will be discussed 
further in chapter 3. 
Each of the controlled load tests were repeated two to four times in order to 
ascertain the variability associated with the behavior of the structural system.  In this 
report for each set of tests (e.g., tests conducted at 30 mph, truck in lane 1), a “typical” 
response data set was selected which best represents that set of tests.  The specific test 
selected is indicated with bold text in Tables 2.1 through 2.3.  These data were selected 
based on an in-depth review and comparison of data from duplicate tests.  The data were 
found to be repeatable and consistent.   
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2.2.1 Test Trucks 
For the controlled load tests, three tri-axle dump trucks were used in order to 
produce measurable stresses in the main truss members.  Trucks #67, #68, and #80 had 
gross vehicle weights (GVW) of 78.3 kips, 74.1 kips, and 84.8 kips respectively.  They 
were loaded with earth from a nearby site.  Individual axle loads were measured by a 
Penn DOT Weigh Team.  Details pertaining to each test truck are included in Tables 2.4 
and 2.5.  All test trucks possessed a “floating” third rear axle.  This axle can be lowered 
using air pressure in order to distribute the rear load to three axles.  The third axle was in 
the “up” position for all controlled load tests.  
 
Test  
Description 
Rear Axle 
Type 
Front Axle 
Load (lb) 
First Rear 
Axle Load (lb) 
Second Rear 
Axle Load (lb) 
GVW1 
(lb) Truck # 
Tandem2 15,300 31,800 31,150 78,250 67 
Tandem2 15,800 29,330 28,970 74,100 68 Controlled 
Load Tests 
Tandem2 17,450 33,250 34,050 84,750 80 
Notes  
1. GVW=Gross Vehicle Weight 
2. Both trucks had a floating third rear axle that was in the “up” position for all tests. 
 
Table 2.1 - Test truck axle load data 
 
 
Truck L1 (in) 
L2 
(in) 
Wf 
(in) 
Wr 
(in) 
A1 
(in) 
B 
(in) 
C 
(in) 
D1 
(in) 
E 
(in) 
Truck # 
672 195 52 81.5 72.5 - 9.25 21.5 - 8.5 
Truck # 
682 193 56 81.5 69.5 - 9.5 22.0 - 8.5 
Truck # 
802 193 56 81.5 71.5 - 9.0 22.0 - 9.0 
Notes  
1. This dimension was not measured. 
2. All trucks had a floating third rear axle that was in the “up” position for all tests. 
 
 
Table 2.2 – Geometry of trucks used for controlled load tests 
 
WrWf
L1 L2
B
C
A 
E 
D
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2.2.2 Park Tests 
The static park tests, summarized in Table 2.1, consisted of rolling a single truck 
at a very low rate of speed up to a predetermined marker on the bridge deck and stopping 
the truck for a few seconds.  The markers were positioned above the floorbeams at panel 
points 16 and 18 and also mid-span between them.  Park tests were not repeated. 
 
 
File Name Travel Direction Lane 
Speed 
(mph) Comments 
PL2_1.dat Northbound 2 Park Truck #80 5 HZ FB U16 midspan U18 
PL3_1.dat Northbound 3 Park Truck #80 5 HZ FB U16 midspan U18 
PL4NB1.dat Northbound 4 Park 10 HZ Truck #80 U16 midspan U18 
PL5NB1.dat Northbound 5 Park 10 HZ Truck #80 U16 midspan U18 
PL6NB1.dat Northbound 6 Park 10 HZ Truck #80 U16 midspan U18 
 
 
Table 2.3 - Summary of all park tests conducted 
 
 
2.2.3 Crawl Tests 
Crawl tests were conducted in order to measure the response of the truss and deck 
system to quazi-static rolling loads as summarized in Table 2.2.  These tests are deemed 
quasi-static because the trucks are moving at a very low rate of speed (less than 5 mph).  
As a result, dynamic effects were minimized and the complex behavior of the system 
could be more easily understood.  In addition, there are several gages located within the 
concrete deck where the stresses are produced by the direct application of wheel loads, 
with little influence due to the global response of the structural system.  For example, 
stress ranges measured in the top chords (U16-U18) and concrete deck are more sensitive 
to individual wheel loads than global response.  Measurements made at these locations 
were expected to be more sensitive to dynamic effects than other locations. 
Tests in which only one truck was required were conduced with the heaviest truck 
(Truck #80).  The truck was driven both northbound and southbound in order to assess if 
the direction of travel had any significant influence on measured response. 
 
 
 9
 
Test 
# File Name 
Travel 
Direction Lane 
Speed 
(mph) Comments 
1 CL3NB1.dat Northbound 3 Crawl 10 HZ Truck #80 
2 CL3SB2.dat Southbound 3 Crawl 10 HZ Truck #80 
3 CL2NB1.dat Northbound 2 Crawl 20 HZ Truck #80 
4 CL2SB2.dat Southbound 2 Crawl 20 HZ Truck #80 
5 CL23NB1.dat Northbound 2 & 3 Crawl Truck #80 in L 2 Truck #67 in L 3 
6 CL23SB2.dat Southbound 2 & 3 Crawl Truck #80 in L 2 Truck #67 in L 3 
17 CWUCNB1.dat Northbound WUC Crawl Truck centered over west U.C.  (Stop data @ midspan) 
18 CWUCNB2.dat Northbound WUC Crawl Truck centered over west U.C  (Stop data @ midspan) 
19 TL2NB1.dat Northbound 2 Crawl Laptop noise @ start Pickup L3 SB after trucks pass Truck #80, 68, 67 
20 TL2SB2.dat Southbound 2 Crawl Water truck @ end of file Trucks #80, 68, 67 
21 TL3NB1.dat Northbound 3 Crawl L 3 – All 3 Toward end park then went Trucks #80, 68, 67 
22 TL3SB2.dat Southbound 3 Crawl Pickup L 2 ½ way 
1 CL5NB1.dat Northbound 5 Crawl Truck #80 
2 CL5SB2.dat Southbound 5 Crawl Truck #80 
3 CL4NB1.dat Northbound 4 Crawl Truck #80 
4 CL4SB2.dat Southbound 4 Crawl Truck #80 
5 CL6NB1.dat Northbound 6 Crawl Truck #80 
6 CL6SB2.dat Southbound 6 Crawl Truck #80 
7 CL45NB1.dat Northbound 4 & 5 Crawl Truck #80 L4 Truck #67 L 5 
8 CL45SB2.dat Southbound 4 & 5 Crawl Truck #80 L 4 Truck #67 L 5 
9 CL56NB1.dat Northbound 5 & 6 Crawl Truck #67 L 5 Truck #80 L 6 
10 CL56SB1.dat Southbound 5 & 6 Crawl Truck #67 L 5 Truck #80 L 6 Panel truck passed toward end 
11 L456NB1.dat Northbound 4, 5 & 6 Crawl 
Truck #80 L 6 Truck #67 L 5 
Truck #68 L 4 
12 TL6SB1.dat Southbound 6 Crawl All 3 L 6; 1ST 80, 2ND 67 3RD 68 
13 TL5NB1.dat Northbound 5 Crawl All 3 L 5; 1ST 80, 2ND 67, 3RD 68 
14 TL4SB2.dat Southbound 4 Crawl All 3 L 4; 1ST 80, 2ND 67, 3RD 68 
20 CS8NB1.dat Northbound S8 Crawl 
CH4 DEAD Rt side over S8 20 HZ 
Noise from laptop @ start Truck stop 
a few FB North of U18 
21 CEUCNB1.dat Northbound EUC Crawl CH4 DEAD Rt side of truck cent over East U.C. 
22 CS7NB1.dat Northbound S7 Crawl CH4 DEAD Rt side of truck cent over S7 (some noise @ start due to laptop) 
 
 
Table 2.4 - Summary of all crawl tests conducted 
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2.2.4 Dynamic Tests 
 The dynamic tests were conducted at target speeds of 25 mph and 50 mph.  
However, due to limitations on the length of the approach roadway and safety concerns, 
the maximum attainable speed was only about 45 mph.  These dynamic tests are 
summarized in Table 2.3 Because of time limitations, all tests could not be repeated. 
Multiple trucks were not used for the dynamic tests since it is nearly impossible to 
ensure that the trucks are located in the same transverse position for the entire test.  (As 
will be discussed, the results of the crawl tests indicate that the effects of multiple trucks 
can be accurately estimated using superposition.  Note that, this assumes that the 
proportion of dynamic amplification produced by one truck is the same as would be 
produced by two or three trucks. ) 
 
 
Test 
# File Name 
Travel 
Direction Lane 
Speed 
(mph) Comments 
 DL2SB1.dat Southbound 2 25 Truck #80 
 DL2NB2.dat Northbound 2 25 Truck #80 
 DL2SB3.dat Southbound 2 35 Truck #80 
 DL2NB4.dat Northbound 2 45-50 Truck #80 
 DL3SB1.dat Southbound 3 25 Some noise @ beginning (laptop power) pickup headed N in L2 @ end 
 DL3NB2.dat Northbound 3 25 Laptop power noise @ beginning 
 DL3SB3.dat Southbound 3 45 Truck #80 
 DL3NB4.dat Northbound 3 45 Truck #80 
 DL4SB1.dat Southbound 4 25 Truck #80 
 DL5NB1.dat Northbound 5 25 Truck #80 
 
Table 2.5 - Summary of all dynamic tests conducted 
 
 
 
 
 11
Vibrating Wire 
Embedment Gage 
Uniaxial 
Resistance 
Gage 
3.0 Instrumentation Plan and Data Acquisition System 
3.1 Instrumentation Plan 
 Uniaxial, spot weldable strain gages were installed in selected locations 
throughout the truss and steel reinforced concrete deck of the Route 33 bridge structure to 
monitor strain phenomena that occurred during the construction process and beyond.  
Figure 3.1 is a photograph of the sensors mounted to the steel truss at each of the thirty-
four locations.  Figure 3.2 is a photograph of the sensors installed in the reinforced 
concrete deck.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 – Photograph of typical strain gage at each location on the structural steel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 – Photograph of typical strain gage placed at each location within the deck 
 
Uniaxial Resistance 
Gage 
Vibrating Wire 
Gage 
Centerline of 
Member 
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 The global strain gage locations are shown in Figures 3.3 through 3.12 and 
summarized in Table 3.1.  Figures 3.3 through 3.12 are also repeated in Appendix A as 
11x17 sheets for clarity.  Each gage location is named according to the location in 
reference to the nodes of the truss and the type of structural member it is mounted on or 
adjacent to.  For example, the gage location BU1618EW indicates that it is on a box 
member (B) located on the upper chord of the truss (U) between nodes 16 and 18 (1618) 
on the east side of the bridge (E) and on the west side of the member (W).  All gages are 
named in a similar fashion. 
 All gages mounted on the steel truss were installed at the centerline of the face of 
the member.  A small offset (less than 1-1/4”) was necessary to install the vibrating wire 
gages and the uniaxial resistance gages side-by-side.  This offset can be seen in Figure 
3.1.  The centerline of the member face is the dark line drawn between the gages.   
 Gages mounted on the steel stringers were installed differently due to the location 
of the stay-in-place (SIP) forms.  The bottom gages were installed on the bottom of the 
bottom flange similar to those on the steel truss.  The top gages were installed on the 
bottom of the top flange with a 2-7/8” offset from the web.  This location was chosen to 
allow for proper gage installation and to avoid any local strain concentrations at the web-
flange interface.  An elevation view of these gage installations can be seen in Figure 3.10. 
 The last group of gages were embedded in the reinforced concrete deck.  The 
uniaxial resistance strain gages were spot welded to the center of a section of rebar sized 
to provide proper development length in both directions.  These bars were then tied to the 
existing rebar cage.  The vibrating wire embedment gages were manufactured with a 
housing that provides proper concrete bond.  These gages were simply tied to the rebar 
cage.  Both types of embedded gages can be seen in Figure 3.2. 
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3.1.1 Temperature Compensation 
A sensor that is fully temperature compensated responds only to mechanical 
strains and is unaffected by changes in strain due to variations in temperature.  Hence, for 
an unrestrained piece of steel, the sensor would indicate a zero change in strain at any 
temperature.  However, if the steel member is fully restrained, the sensor would indicate 
that changes in temperature produce changes in strain.  Note that theoretically, the change 
in strain in a fully restrained member is zero.  However, thermal stresses are developed.  
Hence, the sensor is actually indicating the change in stress, although the units are in 
strain. 
Vibrating wire sensors are fully temperature compensated for use on structural 
steel.  However, this is only true if the sensor and the steel to which it is mounted have 
identical thermal expansion coefficients.  If the thermal expansion coefficients of the 
sensor and steel member are different, some adjustments are required to ensure accurate 
temperature compensation.  In order to determine if any additional temperature 
compensation was required for this application, two sensors were mounted on pieces of 
structural steel at the ATLSS laboratory.  The steel was subjected to various temperatures 
and data were collected.  The results indicated that nearly full temperature compensation 
was being achieved using the temperature compensation coefficients supplied by the 
manufacturer.  Only slight adjustments were made using the experimental data in order to 
obtain more accurate and complete temperature compensation. 
As previously stated, each vibrating wire sensor includes a temperature sensor so 
that accurate temperature compensation can be made for each sensor.  This is especially 
important for sensors installed on a member where thermal gradients exist within the 
member.  Examples where this was case were will be discussed. 
The electrical resistance strain gages chosen for this project were also fully 
temperature compensated for use on structural steel. 
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Figure 3.3 – Strain gage layout on the upper chord between U16 and U18 
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Figure 3.4 – Strain gage layout on the diagonal member between U18 and L19 
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Figure 3.5 – Strain gage layout on the diagonal member between U20 and L21 
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Figure 3.6 – Strain gage layout on sway bracing between U24 and L25 
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Figure 3.7 – Strain gage layout on lower chord between L25 and L27 
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Figure 3.8 – Strain gage layout on lower chord between L27 and L29 
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Figure 3.9 – Strain gage layout on sway bracing between L9 and U10 
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Figure 3.10 – Strain gage layout on steel stringers between U16 and U18 
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Figure 3.11 – Strain gage layout on rebar embedded in the deck 
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VW Gage Type Key: 
 “M” = Midrange Gage  
 “T” = Tension Gage 
 
Comment Key: 
 “SWVW” = Spot Weldable Vibrating Wire 
 “SWUR” = Spot Weldable Uniaxial Resistance 
 
 
 
Table 3.1 – Summary of strain gage locations on steel truss 
1 BU1618EW T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
2 BU1618EB T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
3 BU1618EE T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
4 BU1618WW T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
5 BU1618WB T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
6 BU1618WE T 3.3 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
7 DW1819EW T 3.4 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
8 DW1819EE T 3.4 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
9 DW1819WW T 3.4 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
10 DW1819WE T 3.4 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
11 DW2021EW T 3.5 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
12 DW2021EE T 3.5 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
13 DW2021WW T 3.5 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
14 DW2021WE T 3.5 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
15 SB2425ET M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
16 SB2425EB M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
17 SB2425WT M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
18 SB2425WB M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
19 SB2425HT M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
20 SB2425HB M 3.6 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
21 BL2527ET T 3.7 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
22 BL2527EB T 3.7 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
23 BL2527WT T 3.7 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
24 BL2527WB T 3.7 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
25 BL2729ET T 3.8 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
26 BL2729EB T 3.8 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
27 BL2729WT T 3.8 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
28 BL2729WB T 3.8 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
29 SB910ET M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
30 SB910EB M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
31 SB910WT M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
32 SB910WB M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
33 SB910HT M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
34 SB910HB M 3.9 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
CommentsWire # Gage Name VW Gage Type Fig #
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VW Gage Type Key: 
 “M” = Midrange Gage  
 “T” = Tension Gage 
Comment Key: 
 “SWVW” = Spot Weldable Vibrating Wire 
 “EVW” = Embedded Vibrating Wire 
 “SWUR” = Spot Weldable Uniaxial Resistance 
 
 
Table 3.1 (Cont.) – Summary of strain gage locations on stringers and in concrete deck 
35 S1TOC T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
36 S1BOC T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
37 S2TOC T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
38 S2BOC T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
39 S3TOC M 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
40 S3BOC T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
41 S7TCL T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
42 S7BCL T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
43 S8TCL T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
44 S8BCL T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
45 FBTPL T 3.10 1 SWVW Gage, 1 Thermister, 1 SWUR Gage
46 S2WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
47 S2EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
48 WU1618WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
49 WU1618CB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
50 WU1618EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
51 S3WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
52 S3EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
53 S7WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
54 S7EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
55 EU1618WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
56 EU1618CB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
57 EU1618EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
58 S8WB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
59 S8EB - 3.11 1 EVW Gage, 1 Thermister, 1SWUR Gage
60 S6CLT - 3.10 1 Thermister, 1SWUR Gage
60 S6CLB - 3.10 1 Thermister, 1SWUR Gage
61 S7OCT - 3.10 1 Thermister, 1SWUR Gage
61 S7OCB - 3.10 1 Thermister, 1SWUR Gage
62 S8OCT - 3.10 1 Thermister, 1SWUR Gage
62 S8OCB - 3.10 1 Thermister, 1SWUR Gage
63 S9CLT - 3.10 1 Thermister, 1SWUR Gage
63 S9CLB - 3.10 1 Thermister, 1SWUR Gage
Wire # Gage Name VW Gage Type Fig # Comments
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3.1.2 Sensors and Signal Wire 
 Vibrating Wire strain gages, of both the spot weldable and embedment type, were 
installed at fifty-nine locations.  The spot weldable gages were broken into two 
categories: midrange gages and tension gages.  The midrange gages were Slope Indicator 
type 52602100 gages.  The tension gages were Slope Indicator type 52602102 gages.  
This delineation is necessary because vibrating wire gages are manufactured with a pre-
tension in the internal steel wire.  Any applied strain (thermal or mechanical) changes the 
tension of the internal wire thereby altering the natural frequency of the wire.  Changes in 
the natural frequency of the wire are converted to a change in strain.  However, each gage 
has a maximum total strain range of approximately 2,500 microstrain (µe).  Therefore the 
proper pretension level must be selected based on the anticipated behavior (i.e., 
predominantly tension or compression) of the member on which it is installed. 
 The vibrating wire embedment gages were Slope Indicator type 5240126.  These 
gages were manufactured with a housing that provides proper concrete bond when 
installed.  The user can set the initial tension of these gages. 
 Vibrating wire gages were chosen to measure nearly static phenomena which 
occur over long periods of time.  They have been demonstrated to be very stable sensors 
in laboratory and field applications and are fully temperature compensated.  It should also 
be noted that a temperature sensor is integrated within each vibrating wire sensor in order 
to ensure that accurate temperature compensation is achieved.  Hence, two data are 
obtained from each sensor (i.e., strain and temperature). 
The spot weldable uniaxial resistance strain gages were Measurements Group 
type LWK-06-W250B-350.  These weldable gages are very stable over long periods of 
time and exhibit the durability required for a working construction site.  They are also 
fully temperature compensated.  The resistive straining grid is made up of K-alloy that is 
protected by fiber-reinforced epoxy pheniloc.  At the time of the test, the gages were 
driven with an excitation of ten volts and were wired as quarter-bridge circuits using a 
three-wire configuration.   
The excitation voltage and resistance of the gages were selected for the several 
reasons.  The first advantage was a decrease in lead wire effects.  In this case the lead 
wires were typically very long, posing a risk to the circuit sensitivity.  The other 
advantage was a good amplification of strain signal (real data) over the noise inherent in 
a signal gathered in such a harsh research environment. 
 Belden shielded seven-wire conductor wire was selected as the signal wire.  This 
wire has a long field life and the ability to carry all of the channels associated with the 
strain gages.  Watertight, soldered connectors were used to connect the cables at strategic 
locations.  The wires were attached to the bridge using tapes, adhesives, and epoxies to 
assure a firm bond that will last through the construction phase and throughout the entire 
monitoring program.  A typical wire bond is illustrated in Figure 3.12. 
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Figure 3.12 – Typical wire bond to the structural steel 
 
 
3.2 Data Acquisition System 
3.2.1 Long Term Monitoring System 
 Data were collected from the vibrating wire strain gages using a Campbell 
Scientific CR5000 Data Logger.  The logger was connected to the gages through a 
Campbell Scientific AVW100 Vibrating Wire Interface and a series of four Campbell 
Scientific AM416 analog multiplexers.  The multiplexers made it possible to collect data 
from up to 64 vibrating wire sensors while utilizing only eight of the forty single-ended 
inputs available on the logger.  (Note that each vibrating wire sensor provides 
temperature and strain data.  Hence, if 64 vibrating wire sensors were installed, 128 data 
would be recorded per sample interval.)  The AVW100 made it possible for the logger to 
excite the gages and condition the output signal.   
Data were recorded at two different intervals during the construction stage.  Data 
were sampled once every two minutes until three weeks after the main span of the truss 
was “closed”.  Since that time, data have been sampled at five-minute intervals.  Since 
the sensors are multiplexed, the vibrating wire gages are polled at a maximum rate of 
about one sample per second.  Therefore, due to the number of channels, a complete data 
record was collected in just over one minute.  (In other words, it takes just over one 
minute sample all 59 sensors.)  A laptop computer was used to program the data logger 
while on site.  Figure 3.13 is a view of the entire data acquisition system as installed in 
the weatherproof enclosure.  The entire enclosure was installed on the top of pier two and 
secured using anchor bolts. 
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 The data collected were transmitted wirelessly to ATLSS through the use of a 
wireless modem using cellular digital packet data (CDPD) protocols.  Using a special 
software package provided by Campbell Scientific, data are automatically downloaded to 
a server at the ATLSS laboratory.   
 
 
  
Figure 3.13 – Photograph of vibrating wire data acquisition system 
 
CR5000 
AVW100 
Array 
AM416 
Array 
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Nine twelve-volt marine batteries powered the field equipment.  These batteries 
were sufficient to run the system for a period of about 80 days without recharge.  
However, in order to make the data acquisition system completely self contained and to 
ensure a stable continuous power source, a charge controller and one 4’X4’ 120 watt 
solar panel was added on the west side of pier cap number 2.  This panel constantly 
charges the batteries when in daylight, providing a maximum of seven amps.  The draw 
of the entire system varies between of 0.2 and 1.0 amps.  Figure 3.14 is a view of the 
battery box and charge controller as installed on the top of pier two.  Provisions have 
been made to install a second 120 watt panel if required. 
 
 
 
Figure 3.14 – Photograph of battery box and charge controller 
 
 
Data are stored in multiple files or “tables” that serve different purposes on the 
data logger.  One file contained data that allows quick and easy verification that the 
acquisition program was running properly.  Another file contains all of the strain and 
temperature data collected from the vibrating wire strain gages.  A third file stores 
information related the state of charge of the batteries and charging voltage in order to 
identify any potential problems with the power supply or charging system.  There have 
been no problems with the data acquisition, power, or communication systems to date. 
 
 
Charge Controller 
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3.2.2 Controlled Load Monitoring System 
A Campbell Scientific CR9000 data logger was used to collect all controlled load 
data.  This logger offered 16-bit resolution minimum and up to 100,000 samples per 
second system throughput.  Data were collected at sampling rates of 10Hz, 20Hz, and 
100Hz for the park, crawl, and dynamic tests respectively.  The data logger was 
programmed and monitored on site with a laptop computer.  Data were downloaded from 
the data logger and backed up while on site.  Using the laptop, data can be viewed in real 
time as shown in Figure 3.15.  The data logger was mounted on the top of pier 2 during 
the controlled load tests and controlled using a laptop computer from inside a van parked 
in lane one. 
Vishay Model 2100 signal conditioners were used to ensure a stable, noise-free 
signal.  The signal conditioners provided the excitation voltage (10 Volts) and the 
remaining arms of the Wheatstone bridge.  They also filtered high frequency noise 
(>10KHz). 
 
 
Figure 3.15 – Photograph of laptop monitoring real-time data 
during a controlled load test 
 
 
The data acquisition system was powered by generators located on top of pier 2 
during the controlled load testing.  Another generator was used on the bridge deck to 
recharge the battery of the laptop computer between tests.  The laptop could not be 
connected to the generator during testing because a potential difference in voltage 
developed between the generator on the pier cap providing power to the CR 9000 system 
and the generator on the bridge deck.  This variable voltage could be seen in the data 
stream as unwanted noise and was eliminated by powering the laptop using the internal 
battery during testing. 
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4.0 Monitoring During Construction 
 Strains and stresses were monitored during the erection of the structural steel, 
closure of the truss, and placement of the concrete deck.  During erection of the structural 
steel and closure of the truss, limited data were collected since all members were not in 
place and some members were inaccessible.  However, sufficient data were collected to 
make some conclusions.  During placement of the concrete deck, nearly all sensors 
installed on the structural steel were operational.  The sequence of the concrete deck 
placement is shown schematically in Figure 1.2.  Data were collected automatically as 
much as possible using the monitoring system installed on pier two.  The results of this 
portion of the monitoring are presented in this section. 
Prior to discussing the results, a few words related to the data reduction 
techniques employed and the interpretation of the measurements are appropriate.  The 
vibrating wire strain gages were directly mounted on the surface of the structural steel, as 
was shown in Figure 3.1.  Changes in strain within the member produced changes in the 
tension within the wire and hence alters the natural frequency of the wire from the 
baseline condition.  The baseline condition is taken as the natural frequency measured 
immediately after installation.  However, in order to compare the effects of various 
events, such as placement of concrete, the data were referenced to an arbitrary datum.  
Using such a datum allows for the relative changes in member strain or stress to be more 
easily understood.  For the following discussions, data are referenced to various datum.  
For example September 5, 2001 at 10:00AM is used for the discussion related to concrete 
placement (Pour #1 occurred on September 11, 2001).  It is emphasized that using the 
reference datum does not mechanically alter the baseline condition or position of the 
sensor.  The data are mathematically “zeroed” in order to more clearly indicate relative 
changes in strain or stress. 
It is also noted that when this report was initially prepared, (January 2002) there 
was insufficient data to characterize the effects of creep and shrinkage of the concrete 
deck on the truss structure.  This task will be accomplished as a part of the Phase II 
monitoring program. 
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4.1 General Observations 
4.1.1 Effect of Temperature Changes before Deck Placement 
 As previously stated vibrating wire strain gages were used to measure the long-
term changes in strain on selected members of the truss and within the concrete deck.  
Figure 4.1 presents measured temperatures on the east top chord.  Temperatures were 
measured on both sides and on the bottom of the member. 
 
 
Figure 4.1 - Comparison of measured temperature on  
east top chord (U16-U18 East) during early September 2001 
 
 
Figure 4.1 indicates that the temperature of the upper chord was relatively 
uniform within the member.  As expected, the temperature of the bottom of the member 
remained the coolest, but only by a few degrees.  Similar temperature distributions were 
observed for both upper chords.  As previously stated, temperature measurements were 
not made on the top flange of the upper chords.  However, the top and bottom surfaces of 
the lower chords were instrumented with vibrating wire sensors.  The same was also true 
for the stringers.   
Figure 4.2 presents measured temperatures on the top and bottom surfaces of east 
lower chord member L25-L27.  In addition, the measured temperature of the top and 
bottom flange of stringer S1 are also presented.  As can be seen, the temperature of top 
surface reaches a much higher temperature than the bottom surface, as expected.  
Temperatures are at a minimum between 6 AM and 8 AM in the morning.  Similar 
behavior has been observed on other structures that have been monitored by the 
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researchers.  During these hours, the difference in temperature between the top and 
bottom flange is much less.   
 
 
 
Figure 4.2 - Comparison of measured temperature on top and bottom surface of west 
lower chord L25-L27 and stringer #1 during early September 2001.   
Note that top surface reaches noticeable higher temperature 
 
 
In summary, the data indicate that the temperatures on the east and west face of a 
given member were relatively uniform throughout the day.  However, the temperature of 
the top and bottom surface of a member could be expected to be much different.  This is 
because the top surface of the member is directly exposed to the sun.  Similar behavior 
was observed on all instrumented members exposed to the sun.  Data related to concrete 
placement are discussed in chapter 4.3.   
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4.1.2 Effect of Temperature Changes after Deck Placement 
 Placement of the concrete deck was completed on October 23, 2001.  Members 
that were directly in contact with the concrete, such as the stringers and upper chord, 
responded differently to changes in temperature after the concrete was placed.  This is 
because the southeast members were shaded by the concrete deck and the difference in 
thermal mass of the system.   
 Figure 4.3 presents measured temperature data from the bottom of the lower 
chord (L27-L29 West) and the bottom of the upper chord (U16-U18 West).  In addition, 
the measured temperature of the top flange of stringer S1 is presented.  The data are from 
the period September 28, 2001 through November 23, 2001.   
 
 
Figure 4.3 – Comparison of temperatures at selected truss members 
 
A vertical line indicates when placement of the concrete deck was completed (i.e., 
October 23, 2001).  The last placement, pour # 13, was located between U16 and U22.  
As discussed, the upper chord and stringers were instrumented in this region.  Figure 4.3 
indicates the increase in temperature in the upper chord and stringer as a result of the 
concrete placement.  Interestingly, the temperature remains above 70 degrees for about 
two days and then gradually cools.  This is due to the increase in temperature of the 
concrete due to the hydration process.  After October 23, the daily temperature cycle in 
the upper chord and stringer is greatly reduced.  This is primarily due to the fact that the 
members are shaded and that the thermal mass of the deck system was greatly increased 
by the addition of the concrete.  Plotted for contrast in Figure 4.3 are the corresponding 
temperatures at LC L27-L29 and the top flange of stringer S1. 
After Concrete Placement Before Concrete Placement 
L27-L29W Bot 
U16-U18W Bot 
S1 Top Flange 
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4.2 Response during Closure of the Main River Span – Span 2 
 Closure of the main river span took place over a three day period from August 7th 
2001 through August 9th 2001.  Figure 4.4 illustrates the process pictorially.  Strains were 
measured during closure of the truss.   
 
Figure 4.4 – Stages during closure of main river span 
All photographs looking east 
East lower chord in place. 
(August 7 – 9:48 AM)
East lower chord, upper chord and diagonal 
in place. (August 8 – 7:22 AM) 
East lower chord, upper chord and diagonal 
in place.  West lower chord being lifted. 
(August 8 – 7:43 AM) 
East lower chord, upper chord and diagonal 
in place.  West lower chord and diagonal in 
place, west upper chord being lifted. 
(August 8 – 9:40 AM) 
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The instrumented members that would be affected during closure were the east 
and west lower chords between L25-L27 and potentially the east and west upper chords 
between U16-U18.  (Sensors on L27-L29 could not be connected during closure.)  It 
should be pointed out that the data to be discussed are referenced to just prior to closure 
on the 7th of August 2001.  In other words, the data were balanced or zeroed just prior to 
closure.  Any reported changes in strain will be from the balanced datum.  (Balancing the 
data was accomplished digitally.  Hence, the sensor was not physically zeroed prior to 
closure or at any other time.  Each sensor continues to measure the relative changes in 
stress or strain from the time it was installed.  The data were digitally balanced for this 
discussion in order to more clearly identify the effects of closing the truss.)   
Although all main truss members (i.e., upper chords, lower chords, and diagonals) 
were in place by the end of the day on August 8th, the connections were not fully 
tightened.  In fact, the west upper chord was only “sitting” between the gusset plates.  
This was because the space between panel points U28 and U30 was about ½ inch too 
small.  (This was not due to a fabrication error.  The distance between U28 and U30 was 
smaller than required due to the high August temperatures and normal construction 
tolerance.  The measured temperature of the upper lower chord members was higher 
than 120 degrees in the direct sun.)  The west upper chord was positioned at the 
appropriate location by jacking and/or adjusting the bearings at the false work.  Although 
attempts were made to discuss the actual procedures used to get the west upper chord to 
fit with representatives of American Bridge, this information was not provided.  
Nevertheless, it appeared that relatively little effort was required to push the panel points 
apart and fit the member.  This was essentially confirmed by the measurements made 
during the closure period.   
 The measurements made during the closure period did not indicate any significant 
stresses were introduced into the instrumented members.  As stated, little effort was 
apparently required to bring the north and south portions of the truss together.  Hence, 
little change in stress was expected.  Furthermore, the connections were not fully 
tightened and many were secured with only a few bolts and “spud” wrenches.  Thus the 
truss was relatively flexible.  The small changes in stress that were measured did not 
appear conclusive and no definite trends in response were observed.  As a result, the 
effects of closure will not be discussed further.  It is also noted that stay-in-place (SIP) 
forms were in place on span three prior to closure. 
  
4.3 Response during Placement of Concrete Deck 
 The concrete deck was placed in thirteen different steps that began on September 
11, 2001 and ended on October 23, 2001.  The effects of some pours, particularly those in 
span three (i.e., prior to pour #6) had a very small influence on the instrumented members 
in spans one and two.  Some effect of the first five pours was observed in the lower chord 
members L25-L27 & L27-L29 however.   
 
4.4 Response of Upper Chord U16-U18 
 Figure 4.5 presents the measured response from the three strain gages installed on 
the east upper chord (See Figure 3.3).  The effects of pour 6 through 13 can be seen in the 
data as the increase in mean strain in the member.  Also apparent is the smaller thermal 
stress cycle that is produced with changes in temperature each day.   
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Figure 4.5 - Response of east upper chord U16_U18 to placement of concrete 
during pours 6 through 13 
 
The change in strain for each pour or group of pours is presented in Table 4.1.  
Several pours are also grouped together, for example pours 6 & 7.  This was done 
because the effect of pour 6 was very small and hence difficult to identify separately in 
the measured response.  As a result, the combined effect of pours 6 and 7 are listed.  This 
was also done for pours 10, 11, and 12. 
The data listed were selected at the mean temperature of the day immediately 
before and after the pour.  Changes in strain were also produced by variations in 
temperature (or more appropriately changes in stress because the temperature 
compensation removes free strain changes due to temperature) and the equipment used to 
place the concrete.  This is most easily observed during pour 13 (October 23) where a 
large increase in stress occurs during the pour but decreases immediately thereafter.  This 
increase is believed to be the result of multiple factors.  First, the increased temperature 
of the concrete produced a certain amount of thermal stress in the member.  In addition, 
the Bidwell machine and other equipment also resulted in an increase in stress in the 
upper chord.  As a result, adding the effects of all pours may not yield the same change in 
strain if one were to measure the difference in strain between October 30, 2001 and 
September 29, 2001.  The total change in strain listed in last column labeled “Total” is 
based on the difference between strains measured at the end of pour 5 and the end of pour 
13.  Although the changes in stress due to each pour is interesting information, it would 
be better to compare the total effect (i.e., the data in the last column of Table 4.1) to 
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calculated results.  Overall, the upper chord behaved as expected throughout placement of 
the concrete deck. 
 
 
Pour # (micro-strain) 
Gage Location 
6 + 7 8 9 10 + 11 + 12 13 Total 
SBU16U18EW East U.C. West face 70 69 51 55 10 260 
SBU16U18EB East U.C. Bottom face 50 56 44 35 36 240 
SBU16U18EE East U.C. East face 65 69 51 55 13 270 
SBU16U18WW West U.C. West face 62 65 49 62 29 270 
SBU16U18WB West U.C. Bottom face 56 69 55 44 58 290 
SBU16U18WE West U.C. East face 58 67 51 58 15 260 
 
Table 4.1 - Measured strains in upper chord U16-U18 due to placement of concrete deck 
 
4.5 Response of Lower Chord L25-L27 
 Vibrating wire strain gages were installed on the top and bottom of the east and 
west lower chord between panel points L25 and L27 (See Figure 3.7).  The output from 
the gages installed on the lower chord was noisier (i.e., contained more spurious data) 
than those installed on the upper chord.  This is most likely due to fact that the wires for 
these gages were over 350 feet long, thereby increasing their susceptibility to 
interference.  In addition, the wires were installed on the outside of the chord members 
and were often stepped on by construction workers.  Nevertheless, reliable data were 
obtained, although at times more difficult to interpret.  Questionable data are followed by 
a ‘?’ in Table 4.2 below. 
 Table 4.2 summarizes the results from pours 1 through 13.  As for the upper 
chord, the pours (or groups of pours) that had the greatest influence on the lower chord 
are included. 
 
Pour # (micro-strain) 
Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total
SBL2527EB East L.C.  Bottom face -50 -50 190 160 -60 10 40 180 
SBL2527ET East L.C. Top face -60 -60 220 200 -30 20 40 200 
SBL2527WB West L.C.  Bottom face -60 -60 180 160 -60 10? 90? 200 
SBL2527WT West L.C. Top face -70 -60 210 190 -90 10 50 230 
 
Table 4.2 – Measured strains in lower chord L25-L27 due to placement of concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the changes in strain due to each pour are affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
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the data in the last column of Table 4.2) to calculated results.  Overall, the lower chord 
behaved as expected throughout placement of the concrete deck. 
 
4.6 Response of Lower Chord L27-L29 
 Vibrating wire strain gages were installed on the top and bottom of the east and 
west lower chord between panel points L27 and L29 (See Figure 3.8).  The output from 
the gages installed on this lower chord was much noisier than other locations (i.e., 
contained more spurious data).  This is most likely due to fact that the wires for these 
gages were over 400 feet long, thereby increasing their susceptibility to interference 
similar to L25-L27.  The wires were also installed on the outside of the chord members 
and were often stepped on by construction workers.  Reasonably reliable data were 
obtained from most gages, although at times they were more difficult to interpret.  
Questionable data are followed by a ‘?’ in Table 4.3 below. 
 Table 4.3 summarizes the results from pours 1 through 13.  As previously 
discussed, the pours (or groups of pours) that had the greatest influence on the lower 
chord are included. 
 
Pour # (micro-strain) 
Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
SBL2729EB East L.C.  Bottom face -30 -60 270 120 -40 20 30 190 
SBL2729ET East L.C. Top face -70 -40 240 100 -50 20 30 200 
SBL2729WB West L.C.  Bottom face -50 -70 190 180 -20 30 50 220 
SBL2729WT West L.C. Top face -60 -40 180 160 -20 20 -40? 190 
 
Table 4.3 – Measured strains in lower chord L27-L29 due to placement of concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.3) to calculated results.  Overall, the lower chord 
behaved as expected throughout placement of the concrete deck. 
 
4.7 Response of Diagonal U18-L19 
Vibrating wire strain gages were installed on the east and west flange plates of the 
east and west diagonal members between L19 and U20 (See Figure 3.4).  The output 
from these gages was noisy due to the conditions of the worksite, but reliable data were 
obtained.  Table 4.4 summarizes the results from pours 1 through 13.  As for the 
members previously described, the pours (or groups of pours) that had the greatest 
influence on these diagonal members are included.  The pour grouping used for the lower 
chord members is typical of the grouping used for the diagonal members. 
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Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
SDW1819EE East Diag. East Face -10 -30 40 90 -40 0 210 230 
SDW1819EW East Diag. West Face -10 -40 40 100 -50 -10 200 230 
SDW1819WE West Diag. East Face 0 -40 40 100 -40 -10 220 230 
SDW1819WW West Diag. West Face 0 -50 30 100 -40 -10 200 210 
 
Table 4.4 – Measured strains in diagonal U18-L19 due to placement of concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.4) to calculated results.  Overall, these diagonal 
members behaved as expected throughout placement of the concrete deck. 
 
4.8 Response of Diagonal U20-L21 
Vibrating wire strain gages were installed on the east and west flange plates of the 
east and west diagonal members between L20 and U21 (See Figure 3.5).  The output 
from these gages was noisy due to the conditions of the worksite, but reliable data were 
obtained.  Table 4.5 summarizes the results from pours 1 through 13.  As for the 
members previously described, the pours (or groups of pours) that had the greatest 
influence on these diagonal members are included.  The pour grouping used for the lower 
chord members is typical of the grouping used for the diagonal members. 
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Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
SDW2021EE East Diag. East Face -20 -10 140 240 -70 10 100 470 
SDW2021EW East Diag. West Face -20 -20 120 170 -60 10 100 350 
SDW2021WE West Diag. East Face -20 -20 120 200 -50 10 100 380 
SDW2021WW West Diag. West Face -30 -20 130 230 -60 10 100 430 
 
Table 4.5 – Measured strains in diagonal U20-L21 due to placement of concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.5) to calculated results.  Overall, these diagonal 
members behaved as expected throughout placement of the concrete deck. 
 
4.9 Response of Sway Bracing L9-U10 
Vibrating wire strain gages were installed on the top and bottom flanges of each 
of the three main members making up the sway bracing between the two truss lines at L9-
U10 (See Figure 3.9).  The output from these gages was noisy due to the conditions of the 
worksite, but reliable data were obtained.  Table 4.6 summarizes the results from pours 1 
through 13.  As for the members previously described, the pours (or groups of pours) that 
had the greatest influence on these diagonal members are included.  The pour grouping 
used for the lower chord members is typical of the grouping used for the sway bracing 
members. 
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Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
SSB910ET East Cross of Sway -90 30 20 20 -20 0 10 10 
SSB910EB East Cross of Sway -70 30 20 10 -10 0 0 30 
SSB910WT West Cross of Sway -80 80 30 0 -20 -10 10 50 
SSB910WB West Cross of Sway -80 60 30 0 0 -10 10 20 
SSB910HT Horiz. Strut of Sway -40 -150 30 -50 -70 -40 20 -140 
SSB910HB Horiz. Strut of Sway -50 -150 50 -40 -50 -30 20 -130 
 
Table 4.6 – Measured strains in sway bracing L9-U10 due to placement of concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.6) to calculated results.  Overall, these sway 
bracing members behaved as expected throughout placement of the concrete deck. 
 
4.10 Response of Sway Bracing U24-L25 
Vibrating wire strain gages were installed on the top and bottom flanges of each 
of the three main members making up the sway bracing between the two truss lines at 
U24-L25 (See Figure 3.6).  The output from these gages was noisy due to the conditions 
of the worksite.  Table 4.7 summarizes the results from pours 1 through 13.  As for the 
members previously described, the pours (or groups of pours) that had the greatest 
influence on these diagonal members are included.  The pour grouping used for the lower 
chord members is typical of the grouping used for the sway bracing members.  
Reasonably reliable data were obtained from most gages, although at times they were 
more difficult to interpret.  Questionable data are followed by a ‘?’ in Table 4.7 below. 
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Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
SSB2425ET East Cross of Sway 90 20 100 0 0 20 -20 130? 
SSB2425EB East Cross of Sway - - - - - - - - 
SSB2425WT West Cross of Sway -40 10 100 -20 -10 10 -20 70 
SSB2425WB West Cross of Sway - - - - - - - - 
SSB2425HT Horiz. Strut of Sway -10 10 -110 -110 30 0 -20 -180 
SSB2425HB Horiz. Strut of Sway -30 10 -110 -110 30 0 -30 -180 
 
Table 4.7 – Measured strains in sway bracing U24-L25 due to placement of concrete 
deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.7) to calculated results.  Overall, these sway 
bracing members behaved as expected throughout placement of the concrete deck. 
 
4.11 Response of Stringers 
Vibrating wire strain gages were installed on the top and bottom flanges of each 
of the instrumented stringers between U16 and U18 above pier two (See Figure 3.11).  
The output from these gages was comparatively less noisy than other gage types and 
reliable data were obtained.  Table 4.8 summarizes the results from pours 1 through 13.  
As for the members previously described, the pours (or groups of pours) that had the 
greatest influence on these diagonal members are included.  The pour grouping used for 
the lower chord members is typical of the grouping used for the stringer members. 
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Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
S1TOC Top Fl. Of S1 16" N of U16 40 0 0 -20 120 0 190 380 
S1BOC Bot. Fl. Of S1 16" N of U16 0 10 0 -20 -100 0 -100 -250 
S2TOC Top Fl. Of S2 16" N of U16 -10 0 10 0 20 0 -40 0 
S2BOC Bot. Fl. Of S2 16" N of U16 -20 10 10 20 0 10 -50 -70 
S3TOC Top Fl. Of S3 16" N of U16 30 0 10 -20 20 -30 -40 0 
S3BOC Bot. Fl. Of S3 16" N of U16 -20 10 20 0 -20 -10 -30 -80 
S7TCL Top Fl. Of S7 27' N of U16 -10 -10 0 0 0 0 -280 -270 
S7BCL Bot. Fl. Of S7 27' N of U16 0 20 30 10 0 10 270 270 
S8TCL Top Fl. Of S8 27' N of U16 - - - - - - - - 
S8BCL Bot. Fl. Of S8 27' N of U16 0 10 10 10 -10 0 200 220 
 
Table 4.8 – Measured strains in stringers between U16 and U18 due to placement of 
concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.8) to calculated results.  Overall, these stringer 
members behaved as expected throughout placement of the concrete deck. 
 
4.12 Response of Tension Tie Plate 
A vibrating wire strain gage was installed on the top of the tension tie plate 
connecting the top flanges of the middle span of the floorbeam at U16 and the cantilever 
of the floorbeam at U16 above the east truss (See Figure 3.11).  The output from this 
gage was much noisier than other locations (i.e., contained more spurious data).  This is 
most likely due to the fact that the wire to this gage was installed above the east top chord 
members and were often stepped on by construction workers.  Reasonably reliable data 
were obtained from the gage, although at times they were more difficult to interpret.  
Table 4.9 summarizes the results from pours 1 through 13.   
 
 
 
 44
Pour # (micro-strain) Gage Location 
1 to 5 6 + 7 8 9 10 + 11 12 13 Total 
STBTPL 
Top of Tie 
Plate on E 
FB16 
0 -10 -10 -10 50 -20 140 190 
 
Table 4.9 – Measured strains in the tension tie plate above east U16 due to placement of 
concrete deck 
 
The total change in strain listed in the last column labeled “Total” is based on the 
difference between strains measured prior to the placement of pour 1 and after pour 13.  
As discussed, the change in strain due to each pour is affected by the position of 
equipment, and thermal stress.  Hence, it would be better to compare the total effect (i.e., 
the data in the last column of Table 4.9) to calculated results.  Overall, this tie plate 
member behaved as expected throughout placement of the concrete deck. 
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5.0 Results of the Controlled Tests 
Results of the controlled load testing program are discussed in this section.  The 
effects of vehicle speed and position on the bridge deck are considered.  Figure 5.1 
illustrates the lane positions, which will be referred to by lane number in the following 
sections.  Each passage of one truck was found to produce one primary stress cycle.  Each 
stress cycle is comprised of a Max (the peak positive stress), a Min (the peak negative 
stress), and an SR (the stress range), which is the absolute difference between the Max 
and Min.  All of the following results proved to be consistent with the behavior that was 
expected.  No unusual behavior was noted.   
 
 
* Normal direction of traffic.  Test trucks traveled northbound and southbound on each side of the bridge 
during live load testing. 
 
Figure 5.1 – Deck cross section and lane demarcation (Looking North) 
 
 
LANE 1 LANE 2 LANE 3 LANE 6 LANE 5 LANE 4 
SOUTHBOUND* NORTHBOUND* 
S1 S2 WUC S3 S4 S5 S6 S7 S8 S9 EUC 
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5.1 Upper Chord Response 
5.1.1 Upper Chord Response – Park Tests 
Figure 3.3 shows the locations of the strain gages installed on the east and west 
upper chords of the truss.  On each upper chord box member, a uniaxial strain gage was 
installed on the centerline of the bottom web plate.  A gage was also installed on the 
centerline (i.e., mid-depth) of each of the two flange plates.  All gages were located 
between panel points U16 and U18.  They were positioned to measure any axial force or 
bending moment at mid-span and to determine the location of the neutral axis of the 
composite upper chord. 
Park tests were conducted in lanes 2 through 6.  These tests were only conducted 
a single time because their nature suggests that the response to a static load placement 
will not change if repeated.  Figures 5.2 and 5.3 show typical responses of the upper 
chord to an 85 kip triaxle truck parking in lanes 2 and 3 respectively.  In both tests the 
truck was traveling north. 
 
 
 
 
Figure 5.2 - Typical upper chord response to a park test in lane 2 
(Truck #80 in lane 2 headed north) 
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Figure 5.3 - Typical upper chord response to a park test in lane 3 
(Truck #80 headed north in lane 3) 
 
 
 These figures contain several important characteristics that must be noted.  First, 
the figures show that a load placed on the west side of the bridge deck has very little 
effect on the upper chord members under the east side of the bridge deck.  Only a slight 
rise in stress is seen in the east upper chord member. 
The most notable feature of the two figures is the two plateaus.  The first plateau 
represents the static placement of the back axles of the truck over the strain gages located 
eighteen inches north of the centerline of the floorbeam at U16.  The second plateau 
represents the static placement of the back axles of the truck over the strain gages located 
at the centerline of the span between panel points U16 and U18.  All park test plots 
exhibit these two plateaus. 
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Figure 5.4 - Typical upper chord response to park tests. 
(Truck #80 headed north in lanes 2 and 5 as noted) 
 
 
 Figure 5.4 contains typical upper chord responses to park tests in lanes 2 and 5.  
This plot exhibits the two plateaus mentioned above.  It also shows that an assumption of 
symmetric results about the symmetric longitudinal centerline of the bridge deck is very 
reasonable.  Within a small percentage of error due to actual truck placement in the lanes, 
the results gathered from the west upper chord resulting from load placement in lane 2 
match the results gathered from the east upper chord resulting from load placement in 
lane 5.  A full table of upper chord response to park tests is presented in Tables 5.1 and 
5.2. 
  
 
BU1618EB 
LN5 
BU1618EW 
LN5 
BU1618EE 
LN5
BU1618WB
LN2 
BU1618WB
LN2 
BU1618WB 
LN2 
TIME (SEC) 
KSI 
 49
 
FLRBM Park Tests (All In ksi) 
Gage Name Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
BU1618WW 0.2 0.1 - - - 
BU1618WB 0.3 0.2 0.0 0.0 0.0 
BU1618WE 0.2 0.1 0.0 0.0 0.0 
BU1618EW 0.0 0.0 0.1 0.2 0.1 
BU1618EB 0.0 0.0 0.2 0.3 0.2 
BU1618EE 0.0 0.0 0.1 0.2 0.1 
Note: Absence of a numerical value indicates gage failure during test 
  
Table 5.1 – Upper chord park test results – maximum measured stress using truck #80 
(Rear axle centerline over a position 18 inches north of floorbeam 16) 
 
 
CLU1618 Park Tests (All In ksi) 
Gage Name Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
BU1618WW 0.6 0.3 - - - 
BU1618WB 1.2 0.7 0.0 0.0 0.0 
BU1618WE 0.6 0.4 0.0 0.0 0.0 
BU1618EW 0.0 0.0 0.3 0.6 0.3 
BU1618EB 0.0 0.0 0.6 1.2 0.6 
BU1618EE 0.0 0.0 0.3 0.5 0.3 
Note: Absence of a numerical value indicates gage failure during test 
 
Table 5.2 – Upper chord park test results – maximum measured stress using truck # 80 
(Rear axle centerline over a position 27 feet north of floorbeam 16) 
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5.1.2 Upper Chord Response – Crawl Tests 
 Crawl tests were conducted in each lane of the bridge.  Tests were repeated 2 to 3 
times to verify that the measurements were consistent and repeatable.  Figures 5.5 and 5.6 
are the typical responses of the west upper chord to an 85 kip triaxle truck traveling in 
lanes 2 and 3 respectively.  In both tests the truck was traveling north. 
 
 
 
 
 
Figure 5.5 - Typical west upper chord response during a crawl test in lane 2 
(Truck #80 in lane 2 headed north) 
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Figure 5.6 - Typical west upper chord response during a crawl test in lane 3 
(Truck # 80 in lane 3 headed north) 
 
 
 The above figures clearly show that the stress range in the west upper chord was 
almost twice as large when the load was in lane 2 as it was when the load was in lane 3.  
The increased stress range produced when the load was in lane 2 occurs because lane two 
is nearly centered above the west upper chord.  When the load was in lane 3, the effects 
of lateral load distribution decreased the stress ranges exhibited.  For example, the stress 
range at the bottom of the west upper chord was 1.4 ksi when the load was in lane 2 and 
only 0.8 ksi when the load was in lane 3. 
 Figure 5.7 demonstrates that superposition is valid for the truss.  The effects of a 
crawl test conducted with a truck in lane 2 and one in lane 3 are shown.  During this test, 
the trucks were positioned side by side so the effects of the combined loading could be 
captured.  Note that the stress ranges shown in Figure 5.7 are slightly lower than the 
addition of the stress ranges shown in Figures 5.5 and 5.6.  This is because truck #80 
(GVW = 84.75 kips), the heaviest truck, was utilized for all tests conducted with one 
truck in one lane.  In the side by side test exhibited in Figure 5.7, truck #80 ran in lane 2 
and truck #67 (GVW = 78.25 kips), a less heavily loaded vehicle, ran in lane 3.  Both 
trucks were headed north.   
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Figure 5.7 - Typical west upper chord response during a crawl test in lanes 2 & 3 
(Truck #80 in lane 2, truck #67 in lane 3 headed north) 
 
 
 The superposition of loading can also be seen in Figure 5.8.  This figure shows 
typical east upper chord bottom strain gage responses.  The data lines marked “LANE 4” 
(Max = 0.6 ksi, Min = -0.1 ksi), “LANE 5” (Max = 1.1 ksi, Min = -0.2 ksi), and “LANE 
6” (Max = 0.6 ksi, Min = -0.1 ksi) correspond to individual tests with truck #80 (the 
heaviest truck) in each lane heading north.  The data line marked “LANE 4, 5, 6” (Max = 
2.1 ksi, Min = -0.4 ksi) corresponds to a test run with truck #80 in lane six, truck #67 in 
lane five, and truck #68 in lane 4.  All trucks were running north and side by side during 
this test.  As in Figure 5.7, the exact addition of stress ranges from the single lane tests is 
slightly higher than the stress range measured when three trucks crossed at the same time.  
This, again, is a result of trucks #67 and #68 being less heavily loaded than truck #80.  
The results presented in Figures 5.7 and 5.8, and Table 5.4 indicate that superposition of 
loads affecting the upper chord is valid for both sides of the deck truss.  They also 
indicate, along with Table 5.3, that the lateral distribution of loading is symmetric about 
the longitudinal centerline of the trusses. 
BU1618WW 
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Crawl Tests (All In ksi) 
Gage Lane 2 Lane 3 Lane 4 Lane 5 
Name Min Max SR Min Max SR Min Max SR Min Max SR
BU1618WW -0.1 0.6 0.7 -0.1 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0
BU1618WB -0.2 1.1 1.3 -0.1 0.6 0.7 0.0 0.0 0.0 0.0 0.0 0.0
BU1618WE -0.1 0.6 0.7 -0.1 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0
BU1618EW 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.3 0.4 -0.1 0.6 0.7
BU1618EB 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.6 0.7 -0.2 1.2 1.4
BU1618EE 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.3 0.4 -0.1 0.5 0.6
 
Table 5.3 – Upper chord crawl test results using truck #80 
 
 
 
Crawl Tests (All In ksi) 
Gage Lanes 2 & 3 Lanes 2 & 3 Lanes 4 & 5 Lanes 4 & 5 
Name Experimental Calculated1 Experimental Calculated1 
 Min Max SR Min Max SR Min Max SR Min Max SR
BU1618WW -0.1 0.9 1.0 -0.2 0.9 1.1 0.0 0.1 0.1 0.0 0.0 0.0
BU1618WB -0.3 1.7 2.0 -0.3 1.7 2.0 0.0 0.1 0.1 0.0 0.0 0.0
BU1618WE -0.1 0.9 1.0 -0.2 0.9 1.1 0.0 0.1 0.1 0.0 0.0 0.0
BU1618EW 0.0 0.1 0.1 0.0 0.0 0.0 -0.1 0.8 0.9 -0.2 0.9 1.1
BU1618EB 0.0 0.1 0.1 0.0 0.0 0.0 -0.3 1.7 2.0 -0.3 1.8 2.1
BU1618EE 0.0 0.1 0.1 0.0 0.0 0.0 -0.1 0.7 0.8 -0.2 0.8 1.0
Notes 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.4 – Upper chord crawl test results using trucks #80 and #67 
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Figure 5.8 - Typical east upper chord bottom response 
(Truck #80 used for individual tests, “superposition” test has truck #80 in lane 6, truck 
#67 in lane 5, truck #68 in lane 4. Each plot is from a different test; the time at which 
peak response occurred is of no significance.) 
 
 
Symmetric lateral distribution of loading is also observed in Figure 5.9.  Figure 
5.9 shows the response of a “train” loading in lane 2 and one in lane 5.  A “train” loading 
was defined as a test conducted at crawl speed with the three test trucks in a bumper-to-
bumper line, forming a “train”.  This load case simulates truck grouping during heavy 
traffic conditions.  The bottom web plates of the two upper chord members exhibited 
similar stress ranges in each test.  The plots are nearly mirrored about the longitudinal 
centerline of the trusses as expected.  
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Figure 5.9 - Typical upper chord bottom responses 
(Two tests: all trucks forming a train in lane 2 and lane 5) 
 
 
 Figure 5.10 shows the typical global and local response of the upper chord 
members.  The global response occurred over a much longer interval than the local 
response, as expected.  The global response was defined by the slight rise in tension in 
this member as a moving load travels along a continuous deck truss.  The local response 
was defined by the swift change in stress at all locations instrumented on the cross 
section.  This response included a short duration of compression, a reversal to much 
greater tension, and a final small reversal to compression.  The global response of the 
member was primarily axial tension.  As a result, all gages on the cross section showed 
similar readings.   
The local response of the upper chord could be likened to the action of a 
continuous beam.  The primary response was local member bending as the test truck 
crossed.  As was previously stated, the gages mounted on the flanges were located at the 
mid-depth of the member.  As demonstrated at Figure 5.10, the measurements on the 
flange indicate that the neutral axis is well above the mid-depth of the flange.  Hence the 
upper chord is acting composite with the concrete deck.  The flanges also exhibited very 
similar strains and hence stresses at the location of the gages.  The results in Figure 5.10 
indicate the neutral axis is near the steel-concrete interface at maximum positive bending 
moment (i.e., top flange) and roughly ten inches above the centerline of the flange plates 
at maximum negative moment. 
 
BU1618EB L2
BU1618WB L2
BU1618EB L5
BU1618WB L5
TIME (SEC) 
KSI 
 56
 
 
Figure 5.10 - Typical west upper chord response during a crawl test in lane 3 
(Truck #80 in lane 3 headed north – global vs. local response) 
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5.1.3 Upper Chord Response – Dynamic Tests 
Figure 5.11 is a comparison of a typical dynamic test (45 mph) and a typical crawl 
test (5 mph) in lane 2.  The test truck utilized was truck #80 which was headed north in 
both cases.  Both tests exhibited the same stress cycle shape.  By comparison, the 
dynamic stress cycle was typically between 3% and 5% greater than the stress cycle 
caused by the crawl test.  These results were repeatable throughout the dynamic tests 
affecting the upper chord.  
 
 
 
 
Figure 5.11 – Comparison of crawl and dynamic tests in lane 2 
(Truck #80 headed north) 
  
 
 The upper chord response during dynamic loading proved to be independent of 
direction of travel and test location in lanes symmetric about the centerline of the trusses.  
Figure 5.12 compares a typical upper chord response to dynamic tests in lanes 2 and 5.  
Since the response is symmetric about the truss centerline, only the responses of the 
bottom and inside of the chord members were plotted for clarity.  An interesting aspect of 
Figure 5.12 is that the relative speed of the test truck can be seen in the periods of 
response.  In order to travel north (lane 5) across the bridge, the test truck attempted to 
gain speed while traveling on a curved onramp to the roadway.  This hindered the truck’s 
ability to reach the target test speed by the time it crossed between U16 and U18 (where 
the upper chord is instrumented).  This was not a problem in tests where the truck was 
traveling south in lane 2.  The increase in speed is evident by the more compressed time 
history when the truck was in lane 2.  Figure 5.13 shows two typical dynamic tests run in 
the same lane in different directions.  Both tests were conducted with truck # 80 in lane 2.  
The response of the upper chord observed in both tests is identical. 
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Figure 5.12 – Upper chord response to dynamic tests in lanes 2 and 5 
(Truck #80 headed north in lane 5, south in lane 2) 
 
 
 
 
Figure 5.13 – Upper chord response to dynamic tests in lane 2 
(Truck #80 in lane 2) 
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Overall, the response of the upper chord to dynamic testing was comparable to the 
response to crawl testing.  Like in the crawl tests discussed above, the primary effect of 
running trucks over the roadway was to cause a local member bending response in the 
upper chord.  Also, the global axial response was evident by the slight and smooth 
increase and subsequent decrease in tension observed as the test truck traversed the 
bridge deck.  Since there was relatively little dynamic amplification, superposition of lane 
loads would provide a very good estimate of the stress range produced by trucks running 
side by side in each lane.  
It must be noted that the relatively low dynamic amplification observed is related 
to the quality of the concrete deck.  Deterioration of the wearing surface would increase 
the amount of dynamic amplification measured, especially for deck elements. 
  
5.2 Lower Chord Response 
5.2.1 Lower Chord Response – Park Tests 
Figures 3.7 and 3.8 show the locations of the strain gages installed on the east and 
west lower chords of the truss.  On each lower chord box member, a uniaxial strain gage 
was placed on the centerline of the top and bottom flange plates in order to measure any 
axial force or bending moment at midspan.  All gages were located between panel points 
L25 and L29.  Due to this gage location, the park tests conducted primarily between 
panel points U16 and U18 had little to no stress effect.  The results of the subsequent 
crawl and dynamic tests describe the behavior of these members.   
 
5.2.2 Lower Chord Response – Crawl Tests 
Figure 5.14 presents the largest stress cycle measured in the lower chord between 
panel points L27 and L29 during a crawl test conducted with the three test trucks 
positioned bumper-to-bumper in a train formation.  A “train” test was chosen for display 
because it clearly demonstrates that the primary action of the lower chord is global and 
axial.  It also displays the largest stress range due to the weight of multiple test trucks.  
The stress plot collected from the strain gage on the top of the lower chord box member 
very closely resembles the stress plot collected from the strain gage on the bottom of the 
member.  This means there was very little bending (if any) in the member during the test.  
The plot also clearly shows that there was a single stress cycle produced during the test 
although three test trucks were utilized.  In a similar test the upper chord of the truss 
(Figure 5.9) exhibited primarily a local bending response with three primary stress cycles 
(as a result of the three trucks) due to the composite action of the upper chord and 
reinforced concrete deck. 
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Figure 5.14 – Typical lower chord response 
(Truck “train” in lane 5) 
 
 
 A symmetrically repeatable lateral distribution of loading is shown in Figure 5.15.  
The two crawl tests displayed in this figure were tests in which the trucks were run side-
by-side in the three lanes on either side of the bridge.  It should be noted that the 
responses of the lower chords were almost mirror images of each other.  There was only 
one significant difference between these tests that affected the observed symmetry.  The 
test conducted on the west side of the bridge (L123) was run with truck #68, the lightest 
truck, in lane 1, truck #67 in lane 2, and truck #80, the heaviest truck, in lane 3.  Opposite 
to this loading pattern, the test on the east side of the bridge (L456) was run with truck 
#68 in lane 4, truck #67 in lane 5, and truck #80 in lane 6.  This loading pattern caused 
the slight decrease in peak stress experienced by the lower chord underneath the test and 
the slight increase in peak stress experienced by the lower chord of the other truss line.  
These tests were also run in opposite directions along the longitudinal axis of the trusses.  
This demonstrated that direction of travel does not affect the stress range of the lower 
chord. 
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Figure 5.15 – Typical lower chord response to crawl tests with a truck in each lane 
 
 
 As seen in Tables 5.5 and 5.6, which represent the response of the lower chord 
during various crawl tests and are in agreement with the figures, the superposition of load 
cases is valid.  All of the test results presented were gathered during crawl tests on the 
bridge structure for different loading patterns.  Any small difference in stress range 
additions can be attributed to the differing truck weights and slight variations in the 
transverse position of the test trucks. 
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Crawl Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage 
Name Min Max SR Min Max SR Min Max SR 
BL2527WT - - - - - - - - - 
BL2527WB -0.2 0.4 0.6 -0.2 0.4 0.6 -0.2 0.3 0.5 
BL2527ET -0.2 0.6 0.8 - - - -0.1 0.8 0.9 
BL2527EB -0.2 0.7 0.9 -0.2 0.8 1.0 -0.2 0.8 1.0 
BL2729WT - - - - - - - - - 
BL2729WB -0.1 0.4 0.5 -0.1 0.3 0.4 -0.1 0.2 0.3 
BL2729ET - - - - - - -0.2 0.9 1.1 
BL2729EB -0.1 0.6 0.7 -0.1 0.8 0.9 -0.1 0.9 1.0 
Note: Absence of a numerical value indicates gage failure during test 
 
Table 5.5 – Crawl test stress results for various tests using truck #80 
 
 
Crawl Tests (All In ksi) 
Lanes 4, 5 & 6 Lanes 4, 5 & 6
Experimental Calculated1 Gage Name 
Min Max SR Min Max SR
BL2527WT - - - - - - 
BL2527WB -0.4 1.0 1.4 -0.6 1.1 1.7
BL2527ET -0.3 2.0 2.3 - - - 
BL2527EB -0.3 2.1 2.4 -0.6 2.3 2.9
BL2729WT - - - - - - 
BL2729WB -0.3 0.9 1.2 -0.3 0.9 1.2
BL2729ET -0.6 1.9 2.5 - - - 
BL2729EB -0.3 2.1 2.4 -0.3 2.3 2.6
Note: Absence of a numerical value indicates gage failure during test or field incalculable 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.6 – Crawl test stress results for various tests using all test trucks 
 
 
 Figure 5.16 presents the response from gages installed on the bottom flange of all 
four lower chords as test trucks traveled simultaneously in each lane on the east side of 
the bridge (i.e., lanes 4, 5, and 6).  There are a few important points to note from this 
figure.  L25-27 and L27-29 are adjacent to each other.  The section from L27 to L29 is at 
the center of the main span and the section from L25 to L27 is the member just south of 
this.  The bottom of member response was plotted without the top of member response 
because, as discussed earlier, the overall lower chord response is axial compression or 
tension.  The data from the top gage on the members were not plotted for clarity. 
 The figure also shows small stress reversals that occurred as the test trucks 
crossed over the piers.  The lower chord inflection point (LCIP) marked on the left 
represents the trucks crossing over pier 2, and the LCIP marked on the right represents 
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the trucks crossing over pier 3.  The main span between piers 2 and 3 is 594 feet long.  
By quick calculation, if this distance (594’) is divided by the number of seconds between 
inflection points (about 68 seconds), a truck speed of roughly 8.7 ft/sec, or 6 mph results.  
(The field team attempted to run the trucks at a constant speed of 5 mph during the tests.)  
Knowing the speed of the truck, note that the time history response for L27-L29 is 
symmetric between the inflection points, with its peak stress in the center.  Assuming the 
speed of the truck was constant, the peak stress in L27-29 was produced when the test 
truck was directly at midspan.  However, the peak stress for L25-L27 occurred roughly 
six seconds prior to this.  Traveling at 8.7 ft/sec, the trucks would have gone 52 feet in six 
seconds.  The length between the strain gages on L27-29 & L25-27 is 54 feet.  Hence, 
peak stress in L25-27 occurred when the test truck was centered over L25-27.  This 
shows that for the lower chord located near midspan the peak response near midspan is 
produced as the load passes over the deck directly above it.    
  
 
 
 
Figure 5.16 – Typical lower chord response for adjacent lower chord members 
 
 
 Figure 5.16 also indicates member L25-L27 experienced a higher stress range 
than member L27-29.  However, the force carried by L25-L27 should be less than the 
force in the center span member.  Review of the design drawings reveals that the gross 
cross sectional area of L25-L27 is about 23% less than L27-L29.  Hence, although L27-
L29 carries more force than L25-L27, the increased cross sectional area results in a lower 
stress.   
 Lastly, Figure 5.16 shows that when the load is outside of the section between 
piers 2 and 3, the lower chords of the two trusses at the center of the main span act 
together equally.  When the load travels over the main span, however, the lower chord of 
the truss directly below the loaded roadway carries most of the load (in this case the east 
truss), distributing a much smaller portion to the other side (in this case the west truss).  
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Therefore, it is evident that when the load is outside of the main span, the center-span 
lower chord members respond more globally than when the load is above the main span.      
 
5.2.3 Lower Chord Response – Dynamic Tests 
Figure 5.17 presents a comparison between the effects of a crawl test at low speed 
(5 mph) and a dynamic test at high-speed (45 mph).  These plots are typical of the lower 
chord response and clearly show that there was very little amplification of stress range 
cycle during the high-speed tests.  This behavior was expected because the lower chord 
of the truss acted in such a global manner, as described above by the crawl test data.   
 
 
 
 
Figure 5.17 – Typical dynamic vs. crawl amplitude for the lower chord 
(Truck #80 in lane 5) 
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Figure 5.18 – Lower chord response to dynamic tests in lanes 2 and 5 
(Truck #80 headed north in both lanes) 
 
 
 
 
Figure 5.19 – Lower chord response to dynamic tests in lane 2 
(Truck #80 in lane 2 headed north in one test, south in the other) 
 
 
 The lower chord response to dynamic loading proved to be independent of 
direction of travel and test location in lanes symmetric about the centerline of the twin 
trusses.  Figure 5.18 shows a typical lower chord response to dynamic tests in lanes 2 and 
5.  Since the response of this member type is primarily global and axial, only the bottom 
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gages of the L25-L27 members were plotted for clarity.  Figure 5.19 compares the lower 
chord response from two dynamic tests with truck #80 heading north and south in lane 2.  
The minimum stress, maximum stress, and stress range presented are the same for both 
tests.    
 In summary, the response of the lower chord to dynamic testing was comparable 
to the response observed during the crawl test.  Like in the crawl tests, the trucks 
primarily produced a global and axial response in the lower chord.  Hence, it can be 
assumed that superposition of lane loadings would provide a good estimate of a test 
conducted with the trucks running side by side in each lane at normal travel speeds.   
  
5.3 Diagonal Response 
5.3.1 Diagonal Response – Park Tests 
 Figures 3.4 and 3.5 show the locations of the strain gages installed on the east and 
west diagonals of the truss.  A uniaxial strain gage was installed on the centerline of the 
east and west flange plates of each instrumented diagonal member.  All gages were 
located between panel points U18-L19 and U20-L21.  During the park tests the test truck 
was positioned between panel points U16 and U18 and produced little to no stress in the 
instrumented diagonals.  The results of the crawl and dynamic tests best describe the 
behavior of these members.   
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5.3.2 Diagonal Response – Crawl Tests 
Figure 5.20 presents the response of diagonals U18-L19 and U20-L21 during a 
crawl test in lane 6 of the SR 33 Lehigh River Bridge.  Both members are located on the 
east truss.  This figure represents the largest stress range caused by a single truck in lane 
6 for the diagonal members instrumented.  The response of the diagonal members is 
primarily an axial response for most tests.  However, with the truck positioned in lane 6 a 
noticeable bending component as well as an axial component was observed.  This is 
shown by the stress reversal on one side of the member and the absence of this reversal 
on the opposite side.  The interior flange of the diagonal members performed mostly in 
tension while the exterior flange of the diagonals experienced a compression stress when 
the truck load passed overhead.   
The bending is most likely produced because lane 6 is cantilevered outside of the 
main truss.  The rotation or moment produced at the fixed end of the cantilevered 
floorbeam is resisted by the interior floorbeam, torsional stiffness of the upper chord, and 
out-of-plane bending in the diagonals.  The compression stress produced on the east face 
of both instrumented diagonals shown in Figure 5.20 is consistent with this behavior.  
The bending stress increases the stress range in the diagonal by about 15-20%.  The load 
case represented in Figure 5.20 is unlikely because lane 6 is cantilevered outside of the 
main truss.  Nevertheless, the stress cycle was different compared to the rest of the tests 
runs in lanes 2 through 4.  The maximum stress observed during the crawl tests in the 
diagonal members U18-L19 and U20-L21 for a train loading in lane 6 was 2.7 ksi and 2.9 
ksi respectively (See Table 5.10).  
 
 
 
 
Figure 5.20 – Typical east diagonal response to a crawl test in lane 6 
(Truck #80 headed north in lane 6) 
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Figure 5.21 – Typical west diagonal response to crawl tests in lane 2 
(Truck #80 in lane 2 heading north and south) 
 
 
 The direction of travel had no significant influence on the response of the 
diagonals, as illustrated in Figure 5.21.  The figure contains a plot of the stress response 
of the diagonal member U20-L21.  The shapes of the stress cycles presented are almost 
reflections for the northbound and southbound tests in lane 2.  Notice that this test 
occurred in lane 2, which was not a cantilevered lane, and therefore did not produce a 
noticeable bending component.  A comparison of data collected from tests in which the 
trucks were positioned in symmetric locations (e.g., lanes 2 & 5) demonstrated the same 
response in respective diagonals.  Hence, transverse load distribution was consistent for 
the instrumented diagonals.   
 Figure 5.22 shows the typical response of the east upper chord and diagonals to a 
crawl test run in lane 5 with truck #80 headed north.  This plot confirms the direction of 
truck travel by comparing the times at which each member experienced the peak stresses.  
It also reinforces the fact that the response of the upper chord (BU1618EB) is primarily 
local while the response of the diagonals peaks quickly after the load has traveled beyond 
pier two and then approaches zero stress quite a while later.  This is evidence of the more 
global response corresponding to the diagonal members.    
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Figure 5.22 – Response of east upper chord and diagonals during a crawl test in lane 5 
(Truck #80 in lane 5 headed north) 
 
 
 
 
Figure 5.23 – Typical west diagonal responses showing superposition of lane loading 
(Truck #80 heading north in lanes 2 and 3 alone, followed by truck #80 in lane 2, truck 
#67 in lane 3) 
 
 
Figure 5.23 contains stress cycles for the west diagonal between nodes U20 and 
L21.  The validity of superposition is shown because the stress cycle for truck #80 alone 
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in lane 2 plus the stress cycle for truck #80 alone in lane 3 add up to the response 
generated by a crawl test with truck #80 in lane 2 and truck #67 in lane 3.  The addition 
of the stress cycles is not exact because truck #67 was not as heavily loaded as truck #80 
and there were slight variations in transverse position of the test truck.  As a result, the 
stress cycle measured from crawl tests run in lanes 2 and 3 separately is about a tenth of a 
ksi smaller than that expected by mathematical calculation.  This is within reason and 
acceptable.  More evidence of the validity of superposition and loading symmetry can be 
found in Tables 5.7 and 5.8 below. 
 
 
Crawl Tests (All In ksi) 
Lanes 2 & 3 Lanes 2 & 3 Lane 2 Lane 3 
Experimental Calculated1 
Gage 
Name 
Min Max SR Min Max SR Min Max SR Min Max SR
DW1819WW - - - - - - - - - - - - 
DW1819WE -0.1 1.0 1.1 -0.2 0.7 0.9 -0.2 1.6 1.8 -0.3 1.7 2.0
DW1819EW -0.1 0.1 0.2 -0.1 0.2 0.3 -0.1 0.3 0.4 -0.2 0.3 0.5
DW1819EE -0.1 0.1 0.2 -0.1 0.3 0.4 -0.2 0.4 0.6 -0.2 0.4 0.6
DW2021WW -0.1 1.0 1.1 -0.1 0.8 0.9 -0.1 1.7 1.8 -0.2 1.8 2.0
DW2021WE -0.1 1.1 1.2 -0.2 0.8 1.0 -0.2 1.8 2.0 -0.3 1.9 2.2
DW2021EW -0.1 0.2 0.3 -0.1 0.3 0.4 -0.1 0.5 0.6 -0.2 0.5 0.7
DW2021EE -0.1 0.2 0.3 -0.1 0.4 0.5 -0.1 0.6 0.7 -0.2 0.6 0.8
Note: Absence of a numerical value indicates gage failure during test or field incalculable 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
 
Table 5.7 – Crawl test stress results for various tests using trucks #80 and #67 
 
 
Crawl Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage 
Name 
Min Max SR Min Max SR Min Max SR 
DW1819WW - - - - - - - - - 
DW1819WE -0.1 0.3 0.4 -0.1 0.1 0.2 -0.1 0.0 0.1 
DW1819EW -0.2 0.7 0.9 -0.1 1.0 1.1 -0.1 1.2 1.3 
DW1819EE -0.1 0.8 0.9 -0.1 1.0 1.1 -0.3 1.0 1.3 
DW2021WW -0.1 0.4 0.5 -0.1 0.2 0.3 -0.1 0.1 0.2 
DW2021WE -0.1 0.3 0.4 -0.1 0.2 0.3 -0.1 0.1 0.2 
DW2021EW -0.2 0.7 0.9 -0.1 1.0 1.1 -0.1 1.3 1.4 
DW2021EE -0.1 0.8 0.9 -0.1 1.0 1.1 -0.4 1.1 1.5 
Note: Absence of a numerical value indicates gage failure during test or field incalculable 
 
Table 5.8 – Crawl test stress results for various tests using truck #80 
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Crawl Tests (All In ksi) 
Lanes 4 & 5 Lanes 4 & 5 Lanes 4, 5 & 6 Lanes 4, 5 & 6 
Experimental Calculated1 Experimental Calculated1 Gage Name 
Min Max SR Min Max SR Min Max SR Min Max SR
DW1819WW - - - - - - - - - - - - 
DW1819WE -0.1 0.3 0.4 -0.2 0.4 0.6 -0.2 0.3 0.5 -0.3 0.4 0.7
DW1819EW -0.2 1.6 1.8 -0.3 1.7 2.0 -0.3 2.7 3.0 -0.4 2.9 3.3
DW1819EE -0.2 1.6 1.8 -0.2 1.8 2.0 -0.3 2.5 2.8 -0.5 2.8 3.3
DW2021WW -0.1 0.6 0.7 -0.2 0.6 0.8 -0.2 0.7 0.9 -0.3 0.7 1.0
DW2021WE -0.1 0.5 0.6 -0.2 0.5 0.7 -0.1 0.6 0.7 -0.3 0.6 0.9
DW2021EW -0.2 1.7 1.9 -0.3 1.7 2.0 -0.1 2.8 2.9 -0.4 3.0 3.4
DW2021EE -0.1 1.7 1.8 -0.2 1.8 2.0 -0.4 2.6 3.0 -0.6 2.9 3.5
Note: Absence of a numerical value indicates gage failure during test or field incalculable 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
 
Table 5.9 – Crawl test stress results for various tests using trucks #80 and #67 
 
 
Crawl Tests (All In ksi) 
Lane 2 Lane 5 Lane 6 
Experimental Experimental Experimental Gage Name 
Min Max SR Min Max SR Min Max SR 
DW1819WW - - - - - - - - - 
DW1819WE -0.3 2.0 2.3 -0.2 0.3 0.5 -0.2 0.1 0.3 
DW1819EW -0.2 0.2 0.4 -0.3 2.2 2.5 -0.2 2.5 2.7 
DW1819EE -0.2 0.4 0.6 -0.3 2.0 2.3 -0.4 2.1 2.5 
DW2021WW -0.2 2.1 2.3 -0.1 0.6 0.7 -0.2 0.2 0.4 
DW2021WE -0.1 2.3 2.4 -0.1 0.5 0.6 -0.1 0.2 0.3 
DW2021EW -0.1 0.5 0.6 -0.1 2.4 2.5 -0.1 2.7 2.8 
DW2021EE -0.2 0.5 0.7 -0.1 2.3 2.4 -0.5 2.4 2.9 
Note: Absence of a numerical value indicates gage failure during test or field incalculable 
 
 
Table 5.10 – Crawl test stress results for various train loading tests using all test trucks 
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5.3.3 Diagonal Response – Dynamic Tests 
 Figure 5.24 compares the effects of a crawl test at low speed (5 mph) and a 
dynamic test at high-speed (45 mph).  As shown below, there was little to no 
amplification of the stress range during the high-speed truck tests.  This behavior was 
expected because the diagonal members of the truss exhibited similar global responses to 
those of the truss’s lower chord, which also demonstrated little dynamic amplification. 
The only unusual effect observed in this figure was the upward drift of the stress plots 
near the end of the data stream.  This was caused by the presence of another vehicle on 
the bridge deck during the test.   
Only the east flange strain gage data was plotted in Figure 5.24 for clarity.  As 
discussed, the primary action of the diagonal members for a lane loading not cantilevered 
off the truss was an axial response.  Hence, only one of the gages needed to be plotted.  It 
should be noted that the dynamic plot is a result of truck #80 running south while the 
crawl plot is a result of truck #80 running north.   
 
 
 
 
Figure 5.24 – Typical dynamic amplification of stress response in  
west diagonal members (Truck #80 in lane 3) 
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Figure 5.25 – Typical dynamic response data for west diagonals from tests in lane 2 
(Truck #80 running north and south in lane 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.26 – Typical dynamic response data for U20-L21 east and west diagonals 
(Truck #80 in lanes 2 and 5 headed north) 
 
 
The response of the instrumented diagonals to dynamic loading proved to be 
independent of direction of travel and test location in lanes symmetric about the 
centerline of the trusses.  Figure 5.25 contains a plot of typical diagonal member response 
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to a dynamic test in lane two with truck #80 running north.  It also contains a response 
plot for truck #80 in lane 2 traveling south.  The minimum stress, maximum stress, and 
stress range presented are the same for both tests.  Figure 5.26 shows a typical response 
of a diagonal to dynamic tests in lanes two and five.  Since the response of this member is 
primarily an axial action, only the responses of the outside gages (being either on the 
west side of the west member or on the east side of the east member) were plotted for 
clarity.  In all plots, the natural frequency of vibration of the instrumented members can 
be seen superimposed as a sinusoidal oscillation on the response.  This is highlighted in 
Figure 5.26 in the oval where vibration continues after the primary cycle is complete. 
 Overall, the response of the diagonals to dynamic testing was comparable to the 
response to crawl testing.  Like in the crawl tests, the primary effect of running trucks 
over the roadway was to cause a global and axial response in the diagonals.  As a result, 
superposition of results from individual lanes will result in a very good estimate of the 
response from trucks traveling side by side in each lane.   
 
5.4 Stringer Response 
5.4.1 Stringer Response – Park Tests 
 Figure 3.10 shows the locations of the strain gages installed on the stringers of the 
truss.  A uniaxial strain gage was installed on the centerline of the bottom flange plate 
and the bottom of the top flange plate.  The gages were located near the edge of the top 
flange so as not to be sensitive to local stresses caused by the web – flange interface.  The 
strain gages were also placed 18 inches from the connection between the stringer and the 
floorbeam.  All gages were located between panel points U16 and U18.  They were 
positioned in this fashion to experimentally measure any axial force or bending moment 
at mid-span (between U16 and U18) and to give an indication of the actual neutral axis 
depth of the composite section.   
 Figure 5.27 exhibits the two-plateau formation discussed earlier and represents 
the response of stringers six, seven, eight, and nine to a park test performed in lane 5.  
This plot demonstrates the lateral distribution of deck loading to adjacent stringers.  
Although the truck was in lane 5 for this test, stringers six and nine share the load.  
(Please refer to Figure 5.1 for a cross section of the deck.)  The plot also shows that the 
neutral axis of the stringers lies very close to the concrete-steel interface.  For example, 
the stress recorded in the bottom flange of stringer seven was quite significant while the 
stress recorded in the top flange of the same stringer was close to zero.  Tables 5.11 and 
5.12 contain the full set of stringer response data gathered during the park tests. 
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Figure 5.27 – U16-U18 centerline of stringer response to a park test in lane 5 
(Truck #80 headed north in lane 5) 
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FLRBM Park Tests (All In ksi) 
Gage Name Flange Location Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
S1TOC Top 18" N of FB 16 - - - - - 
S1BOC Bottom 18" N of FB 16 0.2 -0.2 -0.1 0.0 0.0 
S2TOC Top 18" N of FB 16 0.0 0.1 0.0 0.0 0.0 
S2BOC Bottom 18" N of FB 16 0.0 0.0 0.0 0.0 0.0 
S3TOC Top 18" N of FB 16 0.0 0.0 0.0 0.0 0.0 
S3BOC Bottom 18" N of FB 16 0.0 0.2 0.1 0.0 -0.1 
S6TCL Top 27' N of FB 16 - - - - - 
S6BCL Bottom 27' N of FB 16 0.0 0.2 0.4 0.1 0.0 
S7TOC Top 18" N of FB 16 0.0 0.0 0.0 0.0 0.1 
S7BOC Bottom 18" N of FB 16 0.0 0.0 0.0 0.1 0.3 
S7TCL Top 27' N of FB 16 0.0 0.0 0.0 0.0 0.0 
S7BCL Bottom 27' N of FB 16 0.0 0.1 0.3 0.2 0.0 
S8TOC Top 18" N of FB 16 0.0 0.0 0.1 0.0 0.0 
S8BOC Bottom 18" N of FB 16 - - - - - 
S8TCL Top 27' N of FB 16 0.0 0.0 0.0 0.0 0.1 
S8BCL Bottom 27' N of FB 16 0.0 0.0 0.0 0.2 0.4 
S9TCL1 Top 27' N of FB 16 0.0 0.0 0.0 0.0 0.0 
S9BCL1 Bottom 27' N of FB 16 0.0 0.0 0.0 0.0 0.1 
Note: Absence of a numerical value indicates gage failure during test 
Key: FLRBM = Placement of rear axle centerline over a position 18 inches north of floorbeam 16 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.11 – Stringer response to park tests in all lanes with truck #80 headed north 
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CLU1618 Park Tests (All In ksi) 
Gage Name Flange Location Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 
S1TOC Top 18" N of FB 16 - - - - - 
S1BOC Bottom 18" N of FB 16 0 -0.1 0 0 0 
S2TOC Top 18" N of FB 16 0 0.1 0 0 0 
S2BOC Bottom 18" N of FB 16 -0.2 0 0 0 0 
S3TOC Top 18" N of FB 16 0 -0.1 0 0 0 
S3BOC Bottom 18" N of FB 16 -0.1 -0.6 0 0 -0.1 
S6TCL Top 27' N of FB 16 - - - - - 
S6BCL Bottom 27' N of FB 16 0 0.6 2.7 0.3 0 
S7TOC Top 18" N of FB 16 0 0 0 0.1 0.4 
S7BOC Bottom 18" N of FB 16 0 0 0.1 -0.2 -0.6 
S7TCL Top 27' N of FB 16 0 0 0.1 0 -0.1 
S7BCL Bottom 27' N of FB 16 0 0.2 2.4 0.7 0 
S8TOC Top 18" N of FB 16 0 0 0.6 0 0 
S8BOC Bottom 18" N of FB 16 - - - - - 
S8TCL Top 27' N of FB 16 0 0 0 0.1 0.3 
S8BCL Bottom 27' N of FB 16 0 0 0 1 2.4 
S9TCL1 Top 27' N of FB 16 0 0 0 0 0 
S9BCL1 Bottom 27' N of FB 16 0 0 0 0.1 0.6 
Note: Absence of a numerical value indicates gage failure during test 
Key: CLU1618 = Placement of rear axle centerline over a position 27 feet north of floorbeam 16 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.12 – Stringer response to park tests in all lanes with truck #80 headed north 
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5.4.2 Stringer Response – Crawl Tests 
 Figure 5.28 contains data generated by a crawl test in lane 3 with truck #80 
headed north.  There are five time history curves plotted in the figure: S1BOC, S2TOC, 
S2BOC, S3TOC, and S3BOC.  (The S1TOC channel was malfunctioning at the time of 
the test.)  As is seen in the plot, the composite action of the deck affected the stringer 
response.  Instead of behaving as a beam with a hinged end connection, there is 
significant compression stress in the bottom flange at the end of the members.  This 
indicates that the connection was acting more like a rigid connection due to the addition 
of the composite deck above.  It also indicates that the primary action of the stringers is 
bending as very little “global” deviation from zero stress is seen when the load is in this 
region.   
Figure 5.28 indicates that the neutral axis is very close to the top flange of the 
stringer.  This is demonstrated by the fact that the top gages (S2TOC and S3TOC) show 
very little stress, which was typical throughout all of the tests and common behavior in 
composite beams.  The swift stress reversal seen between 47 and 48 seconds in S3TOC 
and S3TOC is due to the test truck passing directly over the gages. 
 
  
 
 
Figure 5.28 – Typical crawl response of west stringers (at U16 floorbeam interface)  
(Truck #80 in lane 3 headed north) 
 
 
 A typical response generated by a crawl test in lane 5 is illustrated in Figure 5.29.  
This figure shows that the primary action of the stringers is bending and that there is 
considerable lateral distribution in the bridge deck.  Stringer number eight is located 
directly under lane 5 and exhibited the greatest stress range, as expected.  The stress in 
stringers to the west and east of stringer number eight decreases with distance away from 
it.  Again, it should be noted that the top gage locations at the midspan of the stingers 
showed very little stress.  This confirms that the neutral axis of these members is near the 
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concrete-steel interface.  This behavior was typical of all tests, as indicated in Table 5.13. 
Therefore the top gage response will seldom be plotted in the following figures for 
clarity. 
 
 
 
 
Figure 5.29 – Typical crawl response of east stringers (at midspan of stringers) 
(Truck #80 in lane 5 headed south) 
 
 
Crawl Tests (All In ksi) Gage 
Name Lane 4 Lane 5 Lane 6 Lanes 4 & 5 Lanes 5 & 6 Lanes 4, 5, & 6 
S6BCL 2.5 0.4 -0.1 2.8 0.4 3.2 
S7TCL 0.0 0.0 -0.1 0.1 0.0 0.0 
S7BCL 2.5 0.7 0.0 2.9 1.0 3.0 
BU1618EB 0.7 1.2 0.7 1.8 1.8 2.2 
S8TCL -0.1 0.0 0.4 0.0 0.4 0.3 
S8BCL 0.0 1.0 2.4 1.3 3.0 2.9 
S9TCL1 0.0 0.0 -0.1 0.0 0.0 0.0 
S9BCL1 0.0 0.1 0.6 0.7 0.7 0.7 
1. Data suspect due to comparison with analytical results 
 
Table 5.13 – Max peak crawl test stringer data for various tests at truck passing 
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Figure 5.30 – Typical stringer response to two trucks side-by-side. In one test the trucks 
traveled north, in the other they traveled south 
(Truck #80 in lane 4 and truck #67 in lane 5) 
 
 
 Tests conducted with the test truck traveling north and south in the same lane(s) 
are shown in Figure 5.30.  These plots vary somewhat because the gages are at locations 
which are sensitive to variations in the transverse position of the truck at is passes 
overhead.  It can be seen, though, that during the lane 4 south test, the gage plotted for 
stringer six is less than the stress in stringer eight, which increased in stress compared to 
the plots for the lane 4 north test.  This indicates that the truck was more toward the west 
for the lane 4 north test than it was for the lane 4 south test.  These results are typical for 
all stringers. Hence, it can be concluded that symmetry of loading would exist for lane 
loads symmetrical about the centerline of the trusses.  (This conclusion could not be 
confirmed by test data because symmetrical stringer locations about the centerline of the 
truss were not instrumented.  However, basted on the researcher’s experience with load 
testing other similar structures, this conclusion is reasonable.)  
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5.4.3 Stringer Response – Dynamic Tests 
 The dynamic amplification of stress caused by increased truck speed can be seen 
in Figure 5.31.  Figure 5.31 compares the results of a typical dynamic test (45 mph) and a 
typical crawl test (5 mph) in lane 5.  The test truck utilized was truck #80 which was 
headed north in both cases.  Both tests exhibited nearly the same shape stress cycle.  By 
comparison, the dynamic stress cycle was between 5% and 12% greater than the stress 
cycle caused by the crawl test.  This increase in the stress cycle was the dynamic 
amplification of load and was repeatable throughout the dynamic tests affecting the 
stringers.  Hence, it is not attributed to variations in transverse position of the test truck.  
This is greater than the amount of dynamic amplification observed in the upper chord 
response (3% to 5%).   
 
 
 
 
Figure 5.31 – Typical dynamic amplification of stress 
(Truck #80 in lane 5 headed north) 
 
 
 The stringer response to dynamic loading proved to be independent of direction of 
the test truck.  Figure 5.32 is a typical plot of the top and bottom strain gages located at 
the interface of the U16 floorbeam and stringer three.  The dynamic tests were conducted 
with truck #80 in lane 3 headed north and then south.  As is seen in the figure, the stress 
time history plots are quite similar.  The small differences in the responses can be 
attributed to variations in the transverse position of the test truck in the lane as these 
gages are sensitive to this parameter. 
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Figure 5.32 – Typical dynamic response of west stringer ends 
(Truck #80 in lane 3 headed north and south) 
 
 
 The response of the stringers to dynamic testing was comparable to the response 
measured during crawl tests.  Similar to the crawl tests discussed above, the primary 
effect of running trucks over the roadway was to cause a bending response in the 
stringers.  This observation confirms that superposition of lane loadings would yield a 
good estimate of a test conducted with the trucks running side by side in each lane.  This 
test was not conducted because it would be very difficult for the drivers to remain 
perfectly side-by-side at a high rate of speed.  Safety of the drivers and the test crew was 
also a main concern that prevented such a test.  Superimposed crawl test data can be 
found in Table 5.13.  
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5.5 Response of Deck Reinforcement 
5.5.1 Response of Deck Reinforcement – Park Tests 
 Figure 3.11 shows the locations of the strain gages installed on rebar embedded in 
the bridge deck.  Each gage was spot welded to a section of rebar long enough (about 
three feet) to encompass the required development length of the bar.  The rebar sections 
were obtained from stock at the site.  All gages were located between panel points U16 
and U18 and were positioned parallel to the longitudinal upper cage reinforcement in the 
deck.  The instrumented pieces of rebar were placed 3’-0” from the centerline of the 
selected stringers.  One rebar was placed on each (i.e. east or west) side of the stringer.  
They were also placed 4’-0” from the centerline of the selected upper chord members.  
Similar to the instrumented stringers, one rebar was placed on each side of the upper 
chord.  One rebar was also provided above the centerline of the selected upper chords. 
 Park tests were conducted in lanes 2 through 6.  Those conducted in lanes 2 and 3 
were ignored however due to poor gage performance.  Only five of the original fourteen 
embedded gages survived the construction process and consistently produced stable data.  
These gages were S2WB, EU1618WB, EU1618CB, EU1618EB, and S8WB.  The data 
obtained from these gages were sufficient to demonstrate and characterize the lateral 
distribution of load across the deck.   
Symmetry of results obtained about the truss centerline was valid in all other 
members as previously discussed.  Hence, the results presented for park tests run in lanes 
4 through 6 were considered (although giving mirrored values) to accurately represent the 
results that could have been obtained from park tests run in lanes 1 through 3.  Figure 
5.33 contains a plot of rebar response to a park test in lane 5 with truck #80 headed north.  
Table 5.14 contains the data obtained from the five stable gages for park tests in lanes 4 
through 6. 
 
 
 
 
Figure 5.33 – Response of instrumented rebar to a park test in lane 5 
(Truck #80 headed north) 
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Park Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage Name 
FLRBM CLU1618 FLRBM CLU1618 FLRBM CLU1618 
S2EB 0.0 0.0 0.0 0.0 0.0 0 
EU1618WB -0.1 -0.6 -0.2 -0.7 0.0 -0.2 
EU1618CB -0.1 -0.5 -0.2 -1.0 -0.1 -0.5 
EU1618EB -0.1 -0.3 -0.2 -0.9 -0.1 -0.8 
S8WB -0.1 -0.3 -0.2 -1.2 -0.1 -1.1 
Key: FLRBM = Placement of rear axle centerline over a position 18 inches north of floorbeam 16 
 CLU1618 = Placement of rear axle centerline over a position 27 feet north of floorbeam 16 
 
Table 5.14 – Response of instrumented rebar during park tests using truck #80 
 
 
5.5.2 Response of Deck Reinforcement – Crawl Tests 
 Due to the reasons of gage failure discussed above, only tests run in lanes 4 
through 6 will be discussed in this section.  Tests in lanes 1 through 3 have been 
excluded.  
Figure 5.34 contains the typical response of various embedded rebar gages to a 
crawl test with truck #80 in lane 6 and truck #67 in lane 5.  Both trucks were headed 
north and were traveling side by side at the time of the test.  As is seen in the plot, the 
gages located near the loading position displayed a local (bending) response.  (Theses 
gages were located at the midspan between U16 and U18.)  This is characterized by the 
dual reversal exhibited on the left side of the plot.  The gage located on the opposite side 
of the bridge (S2EB) displayed only a global tension response as the test trucks passed.  
This response was expected.  
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Figure 5.34 – Typical response of instrumented reinforcing bars to a crawl test 
(Truck #80 in lane 6 and truck #67 in lane 5 headed north) 
 
 
 Figure 5.35 demonstrates the validity of superposition on the bridge deck.  For 
example, at peak bending, the response of gage EU1618CB to a crawl test in lane 4 was  
–0.4 ksi.  The response for a similar situation but a crawl test in lane 5 was –0.7 ksi.  
When these values were added, a response of –1.1 ksi was expected for a crawl test run 
with test trucks in both lanes 4 and 5.  This is equal to the response that was measured.  
The three plots on the figure all demonstrate the same shape, but are shifted in time since 
the data were recorded during separate tests.  Tables 5.15 and 5.16 contain a full list of 
embedded rebar data recorded from crawl tests on the east side of the bridge.  Table 5.16 
concentrates on the validity of superposition. 
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Figure 5.35 – Response of east U16-U18CB to various crawl tests 
 
 
Crawl Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage Name 
Min Max SR Min Max SR Min Max SR 
S2EB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
EU1618WB -0.4 0.1 0.5 -0.5 0.1 0.6 -0.2 0.1 0.3 
EU1618CB -0.4 0.1 0.5 -0.7 0.1 0.8 -0.4 0.2 0.6 
EU1618EB -0.2 0.1 0.3 -0.6 0.2 0.8 -0.6 0.2 0.8 
S8WB -0.2 0.1 0.3 -0.8 0.2 1.0 -0.8 0.3 1.1 
 
Table 5.15 – Response of reinforcing bars to various crawl tests using truck #80 
 
 
Crawl Tests (All In ksi) 
Lanes 4 & 5 Lanes 4 & 5 Lanes 5 & 6 Lanes 5 & 6 
Experimental Calculated1 Experimental Calculated1 Gage Name 
Min Max SR Min Max SR Min Max SR Min Max SR
S2EB 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0
EU1618WB -1.0 0.2 1.2 -0.9 0.2 1.1 -0.7 0.3 1.0 -0.7 0.2 0.9
EU1618CB -1.0 0.3 1.3 -1.1 0.2 1.3 -1.1 0.4 1.5 -1.1 0.3 1.4
EU1618EB -1.0 0.3 1.3 -0.8 0.3 1.1 -1.2 0.4 1.6 -1.2 0.4 1.6
S8WB -1.2 0.4 1.6 -1.0 0.3 1.3 -1.5 0.6 2.1 -1.6 0.5 2.1
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.16 – Experimental and calculated superposition of reinforcing bar responses 
using trucks #80 and #67 
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5.5.3 Response of Deck Reinforcement – Dynamic Tests 
Dynamic testing of the bridge deck was performed in lanes 2 through 5.  Only the 
results of tests performed in lanes 4 and 5 are presented here.  The testing performed in 
lanes 2 and 3 did not produce reasonable results from the embedded gages due to 
equipment failure. 
Figure 5.36 contains plots obtained from the embedded gage located directly over 
the east upper chord of the truss.  The test truck utilized for both tests was truck #80.  
Both tests (crawl and dynamic) produced similarly shaped stress cycles, however the 
dynamic test produced amplified results.  The dynamic stress cycle was between 20% and 
35% greater than the stress cycle produced by the crawl test.  This large amplification is 
due to extremely local dynamic effects.  The test truck passed directly over these gages, 
which were embedded a mere 2.5 to 3 inches into the concrete deck.  Therefore, the 
dynamic amplification in this case is greater than for any other member type.  This result 
was typical of the functioning embedded gages. 
 
 
 
 
Figure 5.36 – Dynamic vs. crawl test response of typical rebar gage 
(Truck #80 in lane 5) 
 
 
 A typical full response of the embedded gages to truck #80 headed south in lane 4 
is contained in Figure 5.37.  During this test the truck was positioned to the west of the 
east upper chord and stringer eight.  Therefore, the rebar gage positioned four feet to the 
west of the east upper chord exhibited the highest stress cycle.  The other gages 
surrounding the east upper chord and stringer eight showed less of a stress cycle as their 
distance increased from the load.  The gage positioned three feet to the east of stringer 
two (on the other side of the bridge) gave a result of near zero stress.  This was expected.  
A full table of dynamic results obtained from tests run in lanes 4 and 5 is available in 
Table 5.17. 
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Figure 5.37 – Typical reinforcing bar response to dynamic testing 
(Truck #80 in lane 4 headed south) 
 
 
Dynamic Tests (All In ksi) 
Lane 4 Lane 5 Gage Name 
Min Max SR Min Max SR
S2EB 0.0 0.0 0.0 0.0 0.0 0.0
EU1618WB -0.6 0.1 0.7 -0.6 0.2 0.8
EU1618CB -0.5 0.1 0.6 -0.9 0.2 1.1
EU1618EB -0.3 0.2 0.5 -0.9 0.2 1.1
S8WB -0.3 0.2 0.5 -1.1 0.3 1.4
 
Table 5.17 – Reinforcing bar response to dynamic tests using truck #80 
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5.6 Sway Bracing Response 
5.6.1 Sway Bracing Response – Park Tests 
Figures 3.6 and 3.9 show the locations of the strain gages installed on the sway 
bracing located between panel points U24 and L25 (Figure 3.6) and between panel points 
L9 and U10 (Figure 3.9).  A uniaxial strain gage was installed on the centerline of the top 
and bottom flange plates at half the distance from the cross point to the upper node.  
Gages were also installed on the top and bottom flange plates at midspan of the 
horizontal strut joining the two bottom nodes.  All gages were located between panel 
points U24-L25 and L9-U10.  The park tests conducted primarily between panel points 
U16 and U18 had little to no effect on these members.  The results of the subsequent 
crawl and dynamic tests will be used to describe the behavior of these members.   
 
 
 
5.6.2 Sway Bracing Response – Crawl Tests 
 Figure 5.38 contains typical sway bracing response for the bracing between L9 
and U10.  This data was recorded with truck #80 traveling north in lane 4.  The plot 
clearly shows that while the load is on the east side of the deck, the upper east sway 
bracing is put into compression and the upper west sway bracing is put into tension.  The 
lower strut carries a compressive force.  All of this action was expected.  The top and 
bottom gages at the east and west locations do not show the same amount of stress.  This 
means that there is a small bending component present.  The responses are, however, 
very similar in magnitude.  Therefore, axial compression or tension is the dominant 
response to traffic. 
 
 
 
 
Figure 5.38 – Typical sway bracing response to a crawl test 
(Truck #80 in lane 4 headed north) 
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 The response of the sway bracing to a crawl test run with truck #80 in lane 4 
headed south appears in Figure 5.39.  This plot indicates that regardless of the direction 
of the traffic on the bridge, the response of the sway brace is the same.  Any small 
difference in response quantities can be attributed to variations in the transverse position 
of the test truck and normal variability.   
 
 
 
 
Figure 5.39 – Typical sway bracing response to a crawl test 
(Truck #80 in lane 4 headed south) 
 
 
 Figure 5.40 contains the results of a crawl test run with truck #80 in lane 3 headed 
north.  This plot demonstrates that the response of the sway bracing is symmetric about 
the centerline of the trusses.  This means that the diagonal members of the sway bracing 
act oppositely to loads in lanes symmetric about the truss centerline.  During this test, for 
example, the west upper sway bracing member was in compression while the east upper 
sway bracing member was in tension (compare with Figure 5.38).  The lower strut 
remains in compression.  The magnitudes of the measurements, though not identical, are 
very similar.  This validates the assumption of lateral loading symmetry. 
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Figure 5.40 – Typical sway bracing response to a crawl test 
(Truck #80 in lane 3 headed north) 
 
 
 The results presented above in Figures 5.38 through 5.40 were gathered from the 
sway bracing between L9 and U10.  Another set of sway bracing between U24 and L25 
was also instrumented.  This set of sway bracing showed very similar results to those 
presented in the three figures above.  Tables of the full responses to tests run in lanes 2 
through 5 can be found in Tables 5.18 through 5.20.  These tables better explain the 
issues raised above, and clearly show that superposition of lane loading is valid.  For 
example, in a crawl test run in lane 4, a resulting stress range of 0.5 ksi was obtained at 
SB2425ET.  For a similar test in lane 5 the resulting stress range was 0.7 ksi.  When 
added, these results should yield a resulting stress range of 1.2 ksi for a crawl test run 
with a truck in lane 4 and a truck in lane 5.  As can be seen in the table, this was the case. 
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Crawl Tests (All In ksi) 
Lane 2 Lane 3 Lanes 2 & 3 Experimental 
Lanes 2 & 3 
Calculated1 Gage Name 
Min Max SR Min Max SR Min Max SR Min Max SR
SB910ET 0.0 0.4 0.4 0.0 0.3 0.3 0.0 0.7 0.7 0.0 0.7 0.7
SB910EB 0.0 0.3 0.3 0.0 0.2 0.2 0.0 0.5 0.5 0.0 0.5 0.5
SB910WT -0.6 0.2 0.8 -0.5 0.1 0.6 -1.0 0.3 1.3 -1.1 0.3 1.4
SB910WB -0.5 0.1 0.6 -0.3 0.1 0.4 -0.7 0.2 0.9 -0.8 0.2 1.0
SB910HT - - - - - - - - - - - - 
SB910HB -0.2 0.0 0.2 -0.3 0.0 0.3 -0.5 0.1 0.6 -0.5 0.0 0.5
SB2425ET 0.0 0.6 0.6 0.0 0.4 0.4 -0.1 0.9 1.0 0.0 1.0 1.0
SB2425EB 0.0 0.4 0.4 0.0 0.3 0.3 -0.1 0.7 0.8 0.0 0.7 0.7
SB2425WT - - - - - - - - - - - - 
SB2425WB -0.6 0.1 0.7 -0.4 0.1 0.5 -1.0 0.2 1.2 -1.0 0.2 1.2
SB2425HT - - - - - - - - - - - - 
SB2425HB -0.3 0.1 0.4 -0.3 0.1 0.4 -0.6 0.3 0.9 -0.6 0.2 0.8
Note: Absence of a numerical value indicates gage failure during test 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
 
Table 5.18 – Sway bracing crawl test results for lanes 2 and 3 using trucks #80 and #67 
 
 
Crawl Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage Name 
Min Max SR Min Max SR Min Max SR 
SB910ET -0.4 0.1 0.5 -0.7 0.1 0.8 -0.9 0.2 1.1 
SB910EB -0.3 0.1 0.4 -0.5 0.1 0.6 -0.6 0.1 0.7 
SB910WT 0.0 0.3 0.3 0.0 0.5 0.5 0.0 0.6 0.6 
SB910WB 0.0 0.2 0.2 0.0 0.3 0.3 -0.1 0.4 0.5 
SB910HT - - - - - - - - - 
SB910HB -0.2 0.0 0.2 -0.2 0.0 0.2 -0.2 0.0 0.2 
SB2425ET -0.4 0.1 0.5 -0.6 0.1 0.7 -0.8 0.1 0.9 
SB2425EB -0.3 0.1 0.4 -0.5 0.1 0.6 -0.6 0.1 0.7 
SB2425WT - - - - - - - - - 
SB2425WB -0.1 0.4 0.5 -0.1 0.6 0.7 -0.1 0.7 0.8 
SB2425HT - - - - - - - - - 
SB2425HB -0.3 0.1 0.4 -0.4 0.1 0.5 -0.4 0.1 0.5 
Note: Absence of a numerical value indicates gage failure during test 
 
Table 5.19 – Sway bracing crawl test results for lanes 4, 5, and 6 using truck #80 
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Crawl Tests (All In ksi) 
Lanes 4 & 5 
Experimental 
Lanes 4 & 5 
Calculated1 
Lanes 4, 5 & 6 
Experimental 
Lanes 4, 5 & 6 
Calculated1 Gage Name 
Min Max SR Min Max SR Min Max SR Min Max SR
SB910ET -1.0 0.2 1.2 -1.1 0.2 1.3 -1.7 0.3 2.0 -2.0 0.4 2.4
SB910EB -0.8 0.2 1.0 -0.8 0.2 1.0 -1.2 0.2 1.4 -1.4 0.3 1.7
SB910WT 0.0 0.7 0.7 0.0 0.8 0.8 -0.1 1.1 1.2 0.0 1.4 1.4
SB910WB 0.0 0.5 0.5 0.0 0.5 0.5 0.0 0.8 0.8 -0.1 0.9 1.0
SB910HT - - - - - - - - - - - - 
SB910HB -0.4 0.1 0.5 -0.4 0.0 0.4 -0.6 0.1 0.7 -0.6 0.0 0.6
SB2425ET -1.0 0.2 1.2 -1.0 0.2 1.2 -1.6 0.3 1.9 -1.8 0.3 2.1
SB2425EB -0.7 0.2 0.9 -0.8 0.2 1.0 -1.2 0.3 1.5 -1.4 0.3 1.7
SB2425WT - - - - - - - - - - - - 
SB2425WB -0.1 0.9 1.0 -0.2 1.0 1.2 -0.1 1.5 1.6 -0.3 1.7 2.0
SB2425HT - - - - - - - - - - - - 
SB2425HB -0.7 0.2 0.9 -0.7 0.2 0.9 -1.0 0.3 1.3 -1.1 0.3 1.4
Note: Absence of a numerical value indicates gage failure during test 
1. Calculated by adding measured data with test truck #80 in individual lanes 
 
Table 5.20 – Sway bracing crawl test results for lanes 4, 5, and 6 using all test trucks 
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5.6.3 Sway Bracing Response – Dynamic Tests 
 Figure 5.41 contains plots obtained from the sway bracing gages located between 
L9 and U10.  The test truck utilized for all dynamic tests was truck #80.  Both tests 
(crawl and dynamic) produced similarly shaped stress cycles, however the dynamic test 
produced amplified results.  In general, the dynamic stress cycle was between 10% and 
20% greater than the stress cycle produced by the crawl test.  This amplification is due to 
dynamic effects on the bridge superstructure.  As is seen in the figure, the stress cycles 
recorded during the dynamic test were greater than those recorded during the crawl test. 
 
 
 
 
Figure 5.41 – Typical dynamic vs. crawl data for sway bracing 
(Truck #80 headed north in lane 5 for both tests) 
 
 
 Like all other instrumented elements, the sway bracing response is independent of 
direction of vehicle travel.  This is seen in Figure 5.42.  The results of a dynamic test run 
toward the north in lane 2 match the results of a dynamic test run toward the south in lane 
2.  Symmetry of response due to symmetrical lateral loading about the centerline of the 
twin trusses is also valid and can be seen in Table 5.21.  This table also contains data 
recorded from the sway bracing members located between U24 and L25.  All conclusions 
regarding the sway bracing between L9 and U10 are valid for the U24-L25 bracing. 
SB910ET 
SB910EB
SB910WT
SB910EB SB910ET
SB910WB 
SB910WT 
SB910EB 
TIME (SEC) 
KSI 
DYN CRAWL
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Figure 5.42 – Sway brace response to dynamic tests in opposite directions 
(Truck #80 running north and south and lane 2) 
 
 
Dynamic Tests (All In ksi) 
Lane 2 Lane 3 Lane 4 Lane 5 
Gage Name 
Min Max SR Min Max SR Min Max SR Min Max SR
SB910ET -0.1 0.5 0.6 -0.1 0.0 0.1 -0.4 0.1 0.5 -0.7 0.2 0.9
SB910EB 0.0 0.3 0.3 -0.1 0.0 0.1 -0.4 0.1 0.5 -0.5 0.1 0.6
SB910WT -0.6 0.2 0.8 -0.6 0.1 0.7 -0.1 0.3 0.4 0.0 0.5 0.5
SB910WB -0.5 0.1 0.6 -0.3 0.1 0.4 0.0 0.2 0.2 0.0 0.3 0.3
SB910HT - - - - - - - - - - - - 
SB910HB -0.2 0.1 0.3 -0.3 0.1 0.4 -0.3 0.1 0.4 -0.2 0.1 0.3
SB2425ET -0.1 0.6 0.7 -0.1 0.4 0.5 -0.5 0.1 0.6 -0.7 0.2 0.9
SB2425EB -0.1 0.4 0.5 -0.1 0.3 0.4 -0.3 0.1 0.4 -0.5 0.1 0.6
SB2425WT - - - - - - - - - - - - 
SB2425WB -0.6 0.2 0.8 -0.4 0.1 0.5 0.0 0.4 0.4 -0.1 0.6 0.7
SB2425HT - - - - - - - - - - - - 
SB2425HB -0.3 0.1 0.4 -0.3 0.1 0.4 -0.4 0.1 0.5 -0.3 0.1 0.4
Note: Absence of a numerical value indicates gage failure during test 
 
Table 5.21 – Sway bracing dynamic test results using truck #80 
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5.7 General Observations 
Key aspects and observations of structural behavior are presented in this section 
of the report. 
 
5.7.1 Global Response of the Truss 
A good comparison of the response of different members can be seen in Figure 
5.43.  In a traditional noncomposite truss, the upper and lower chords exhibit nearly the 
same axial forces (assuming uniform member size and area), but with different signs (i.e., 
tensions vs. compression).  In Figure 5.43, the composite nature of the upper chord is 
seen in two distinct areas.  First, the upper chord is dominated by local bending between 
panel points as the truck passes.  This can be seen in the large stress cycle that occurs in a 
short amount of time.  Second, when the stress in the lower chord peaks at midspan in 
tension, the upper chord would be expected to show a large axial tension stress due to the 
negative moment above pier 2.  As indicated by Figure 5.43, this is not the case.  The 
response of the upper chord above the pier is much less than the expected response.  This 
behavior is due to the composite action with the concrete deck. 
 
 
 
 
Figure 5.43 – Typical plot of global member response 
(Truck #80 in lane 5, east truss response) 
 
The measurements indicate that the upper chord, stringers and concrete deck 
effectively behave as a large top flange over pier two.  This suggests that the top chord is 
very redundant.  Although measurements on the upper chord were only made between 
U16 and U18, similar response is expected throughout the truss.  Hence, fracture of an 
upper chord, which is extremely unlikely, would not result in collapse of the bridge due 
to the alternate load paths provided by the stringers and reinforced concrete deck.
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DIAGONAL 
U20-L21 
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5.7.2 Neutral Axis Depth in the Upper Chord 
The neutral axis depth of the upper chord box sections varies with the pattern and 
magnitude of loading.  This can be seen in Figures 5.44 and 5.45.  These figures show 
that the neutral axis depth of the upper chord box sections during maximum stress and 
primary bending lies between 30 and 36 inches above the bottom of the bottom web of 
the steel box.  Therefore, the neutral axis of the upper chord box sections between U16 
and U18 lies very close to the concrete-steel interface.   
Figure 5.44 shows the location of the neutral axis for a crawl test run in lanes 4 
and 5 with two test trucks side by side.  Figure 5.45 shows the location of the neutral axis 
for a crawl test run in lane 5 with one truck in the lane.  The plot stream labeled 
“NABAR” was obtained using a linear stress distribution from the bottom gage mounted 
on the box section to the gage mounted on the rebar in the reinforced concrete deck above 
the member.  The plot labeled “NASTEEL” was obtained using a linear stress 
distribution from the bottom gage mounted on the box section to the gage mounted at the 
middle of the web of the box section.  The NABAR stream tends to show a somewhat 
lower neutral axis depth than the NASTEEL stream because the very local stresses 
obtained in the embedded rebar gages can be easily amplified by a passing truck, no 
matter what the speed.  The superimposed ovals on the figures indicate the area in the 
plot where the box section was being shifted from positive to negative moment.  When 
this occurs, the location of the neutral axis appears to shift drastically due to the reversals 
in stress and very small levels of stress.  Therefore the data within the ovals are 
meaningless. 
 
 
 
 
Figure 5.44 – Neutral axis depth of upper chord box section under primary bending 
(Truck #80 in lane 6 and truck #67 in lane 5 headed north) 
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Figure 5.45 – Neutral axis depth of upper chord box section under primary bending 
(Truck #80 headed north in lane 5) 
 
 
5.7.3 Lateral Load Distribution on the Bridge Deck 
The lateral load distribution factors affecting each member in the deck cross-
section can be calculated using measured data for specific load cases where a loaded 
vehicle is parked in each lane of the deck.  For each load case, the moment value 
produced in each member of the cross-section is added together to find a total moment 
value.  Each individual moment value can then be divided by the total moment value, 
resulting in the percentage of load distributed to each particular member.  
Figures 5.27 and 5.29 graphically demonstrate the lateral distribution of loads on 
the composite deck structure of the Lehigh River Bridge.  They do not, however, allow 
for quantification of actual lateral load distribution factors.  In order to calculate the 
lateral load distribution factor for a particular member, information must be available 
from every member in the same cross-section.  This situation was not available in the 
field since all stringers were not instrumented, as discussed in Chapter 3. 
Furthermore, in order to compare the calculated (i.e. calculated from measured 
data) lateral load distribution factors to those prescribed in the AASHTO Standard 
Specifications using Table 3.23.1, the distribution factors from a load in each lane must 
be superimposed.  The result is the lateral load distribution factor affecting each member 
in the cross-section due to an all-lanes-loaded condition.  It is appropriate to compare 
only these values to the AASHTO design values. 
Santosuosso (2002) constructed a detailed three dimensional finite element model 
of the Lehigh River Bridge and investigated the lateral load distribution on the bridge 
deck.  The model was calibrated using the field measurements.  Of the load cases 
considered in the analytical model, several represented the five park tests conducted in 
this experimental work at the midspan between U16 and U18.   
PEAK RESPONSE OF UPPER CHORD
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The results of the experimental work and the analytical work were in good 
agreement except in one instance.  The experimental results from stringer nine could not 
be repeated analytically.  (It is believed that the gage located on the bottom flange of 
stringer nine, S9BCL, was not working properly.)  However, the data from all other 
members in the cross-section between U16 and U18 agreed quite well with the analytical 
results.  Hence, the analytical model can be used to accurately predict strains in the 
stringers for various load cases.  The lateral load distribution factors determined using the 
analytical model are presented in Table 5.22. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5.22 – Lateral load distribution factors as reported in Santosuosso, 2002 
 
  
 The values in Table 5.22 show that the distribution factors predicted using the 
AASHTO Standard Specifications were always greater than those calculated in the 
analytical research.  They also demonstrate that the upper chord members tend to attract 
considerably more load than the stringers.  This is a direct result of the larger stiffness of 
the upper chords compared to the stringers.   
 
 
S1 1.28 0.93
S2 1.38 0.75
WUC N/A 2.71
S3 1.38 0.73
S4 1.38 0.68
S5 1.38 0.41
S6 1.38 0.68
S7 1.38 0.73
EUC N/A 2.71
S8 1.38 0.75
S9 1.28 0.93
Member 
Name
AASHTO 
Specification
Analytical 
Model
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5.7.4 Lateral Load Distribution to Lower Chord Members 
The lower chord members of the truss system exhibited considerable lateral load 
distribution, as seen in Table 5.23.  The maximum crawl test data for the two sets of 
instrumented lower chords are shown for crawl tests in lanes 4 through 6.  (These values 
were taken directly from Table 5.5.)  The measurements in both members (i.e. L25-L27 
east and west, or L27-L29 east and west) were added to determine the total peak value.  
The percent of the total measurement was then assigned to each lower chord member 
between L25 and L27 and between L27 and L29.  As is seen in the table, a crawl test in 
lane 4 distributed roughly 40% of the load to the west truss and 60% of the load to the 
east truss.  A crawl test in lane 5 distributed roughly 30% of the load to the west truss and 
70% of the load to the east truss.  A crawl test in lane 6 distributed roughly 25% of the 
load to the west truss and 75% of the load to the east truss.  As with other measurements 
made on the bridge, these measurements can be mirrored about the longitudinal 
centerline of the truss system (i.e. the distribution found for lane 5 is expected to mirror 
the distribution for lane 2.) 
 
 
Crawl Tests (All In ksi) 
Lane 4 Lane 5 Lane 6 Gage Name 
Max 
% of 
Total Max 
% of 
Total Max 
% of 
Total 
BL2527WB 0.4 36 0.4 33 0.3 27 
BL2527EB 0.7 64 0.8 67 0.8 73 
TOTAL 1.1 100 1.2 100 1.1 100 
BL2729WB 0.4 40 0.3 27 0.2 18 
BL2729EB 0.6 60 0.8 73 0.9 82 
TOTAL 1.0 100 1.1 100 1.1 100 
 
Table 5.23 – Lower chord lateral load distribution 
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